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*ARSSEN 
STEEL SHEET PILING 


Retaining Walls—Kirk Sandall 


Retaining walls of Larssen Section IU, 
18ft. long, on the bank of the River Don 
and of Larssen Section IGB, 20ft. long, 
along the Canal Bank. 
Authority : Chief Enginzer, 
Yorkshire Ouse River Board. 


The design of the Larssen Sections is 
based on sound engineering principles 
and provides the best possible combina- 
tion of maximum strength with mini- 
mum weight and good driving qualities. 
The range of sections permits the. most 
economical size to be selected for any 
class of work. For this reason Larssen Steel Sheet Piling 
is extensively uséd for permanent retaining walls in docks 
and harbours ; river training and sea defence works ; bridge 
and building foundations and for temporary co‘ferdams. 
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SINGAPORE 63 PRAENTMAN 


The Priestman Grab Dredger (illus- 





trated) operates a 2 cu. yd. Mud 
Grab from a Diesel- driven Grab 
Dredging Crane. The Barge is pro- 
pelled by the Crane Engines. In6 
hours this Dredger loads 9 Hopper 
Barges each of 60 cu. yds. capacity. 
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HULL — LONDON — GLASGOW — BIRMINGHAM 


The construction of Marine Dredging 
Plant is a highly specialised business 
with which the name SIMONS 
has become synonymous. Specially 
designed to meet every dredging 
problem Simons Dredgers are oper- 
ating in every quarter of the globe. 








HOPPER AND BARGE LOADING 
BUCKET DREDGERS 


BARGE LOADING BUCKET DREDGERS 


BARGE LOADING RECLAMATION AND 
SIMONS CUTTER SUCTION DREDGERS 


{ TRAILING SUCTION HOPPER DREDGERS 

F | GOLD AND TIN RECOVERY DREDGERS 

~~ | REPLACE PARTS FOR EXISTING 
ad \ 


DREDGERS 
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Twin SereWSTRDILLON | “ork at 1*9 \— INVENTORS AND FIRST CONSTRUCTORS OF HOPPER DREDGERS 
ment of Niger"? Telegrams : “SMONS, RENFREW.” 

Govern London Office : 157, VICTORIA ST., WESTMINSTER, S.W.1 


wWwM.: SIMONS & - CO. + LTD. - RENFREW : SCOTLAND 
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One of the 150 3.u.e. FOWLER 
Diesel Locomotives 
in service with 

the North Eastern 
Gas Board 


These Fowler Diesel Locomotives 
move wagons in the yard quickly 
and with the utmost economy. 
Full power is instantly available at 
the touch of a button: no steam 
raising, no stand-by losses. 






Some users of 
Fowler Diesel Locomotives 


Anglo-Iranian Oil Co. Ltd., Llandarcy. 

British Railways. 

Carntyne Steel Castings Co. Ltd., Renfrew. 
Joseph Crosfield & Sons Ltd., Warrington. 
Dorman, Long & Co. Ltd., Middiesbrough. 
Fisons Ltd., Immingham and Avonmouth 

John Garrington & Sons Ltd., Bromsgrove. 
Guest, Keen & Nettlefolds Ltd., Cardiff. 
Imperial Chemical Industries Ltd. 

Richard Johnson and Nephew Ltd., Manchester. 
Michelin Tyre Co. Ltd., Stoke-on-Trent. 
National Coal Board. 

North Devon Clay Co., Torrington. 

Pressed Steel Co. Ltd., Cowley, Oxford. 
Shell-Mex and B.P. Ltd. 

The Steel Company of Scotland Ltd., Glasgow. 


DIESEL LOCOMOTIVES 


In rail gauges from 2 ft.— 5 ft. 6 ins. 


Information and literature from John Fowler & Co. (Leeds) Ltd., Leeds, Yorks. 


Telephone: Leeds 30731 (10 lines) 
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PRODUCTS OF THE MARSHALL ORGANISATION 










THE COVENTRY 


ROLLER CHAINS AND 


These STEEL chains are speciall 
corrosion. They will replace mal 


on the same wheels. 
Write for leaflet Ref. 216/124/20-O 





THE RENOLD & COVENTRY CHAIN CO. LTD - MANCHESTER 
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*@@ x* Modern handling equipment 
ys & equip 
ad * Britain’s markets quickly reached by 


rail and road 


ov’ * Ideal transi 
ansit port for the Continent 


% *) * Good sites for factories and distribu- 
f tion depots 


ON 


%*% Drydock accommodation for ships of 
any size 
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JUTHAMPTON DOCKS 


Ser : Enquiries to: Docks & Marine Manager, 
Southampton. 
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DOCKS AND INLAND <a WATERWAYS EXECUTIVE 












For Power Stations and Generating Plants, 
Refinery, Bridges, Steel Framed Buildings, Railway 
Sheds and Station Roofs, Findlay is prepared to 
meet your demands efficiently. Wide and.long exper- 
ience in industrial Engineering and Constructional field 
assures clients the finest in planning and architectural 
engineering skill. 
If your plans call for new constructing or expansion, at 
your invitation a Findlay expert will gladly make a complete 
survey for you. 
Designers 33 Fabricators $3 Erectors 


Head Office: PARKNEUK WORKS, MOTHERWELL, SCOTLAND 
Phone: Motherwell 496 


London Office: High Holborn House, 52/4 High Holborn, W.C.1 
Phone: Holborn 7330 


ALEX. FINDLAY:CoL7p 


Structural Engineers 
4 Oe Ms ek a SCOTLAND 
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Main Plant Deport 
JAMES WHARF - SOUTHAMPTON 


TELEPHONE : 2436-7 - TELEGRAMS :' TOWING, SOUTHAMPTON’ 


LONDON OFFICE 
GRAND BUILDINGS :- TRAFALGAR SQUARE -W:C:2 


TELEPHONE : WHITEHALL 1544+ TELEGRAMS; ' SEAFARING, LONDON | 
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ROBERT STEPHENSON & HAWTHORNS LTD. 


BUILDERS OF 
INDUSTRIAL LOCOMOTIVES 
SINCE 1823 


Cee Tynes 
Por all Sewices 





STEAM 
DIESEL 
ELECTRIC 
FIRELESS 


COMBINED CRANE 
& LOCOMOTIVE 





FORTH:BANKS WORKS :-: NEWCASTLE UPON TYNE 


Head Office: LOCOMOTIVE WORKS, DARLINGTON London Office: 82 VICTORIA STREET, S.W.1 



























RA/SE PRODUCTIVITY 
By... BL omen costs. 


is for ever- 
‘ increasing Bad handling of materials can account tor 
productivity 85% of the total costs. This unnecessary 
Take the drag off production waste can be eliminated by efficient 
by handling your materials handling with Conveyancer Fork Trucks 
at all stages by modern 


mechanical means 


Stand No. 
D616/717 and 
Outside Stand 
No. 1358/9 





LIVERPOOL RD., SANKEY, WARRINGTON Tel: Warrington 2244 Grams : “Hydraulics” Warrington 
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THe Gas Accumutator Co, (uk.) Ltp. | 
LIGHTHOUSE ENGINEERS | 


BEACON Works, BRENTFORD, ENGLAND 
(WORKS AT BRENTFORD & SOUTHALL) . j 








ANOTHER EXAMPLE OF 
RELIABILITY 





LIGHTHOUSES LIGHTSHIPS 





BEACONS LIGHTFLOATS 





FOG SIGNALS BUOYS 











MADRAS SHELTERING ARM LIGHT 


THIS AGA LIGHT OPERATING UNDER SUNVALVE CONTROL HAS 
REMAINED IN CONTINUOUS SERVICE SINCE IT WAS INSTALLED 
IN 1922. 
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TO ANY SITE 











The dependable Butters Derrick can 
be arranged to operate in almost 
any situation. The illustrations show 
two recent installations at a North 
East Coast ship repairing estab- 
lishment, a 5 ton, two motor 
electric derrick with 70 feet jib 
and a similar model with an 85 
feet jib. The erection derrick is 
also shown, a hand operated 3 
tonner with a 40 feet jib. 
We are always prepared to submit 
designs and quotations for derricks of 
any size and power for hand, steam, 
electric or diesel operation. 


[Budtders [diros. 


& CO. LTD. ENGINEERS & CRANE BUILDERS 


MACLELLAN STREET, GLASGOW, S.1 
Phone: IBROX 1141 (6 lines) Grams: BUTTERS. GLASGOW 


London : THE CRANE WORKS, LONG LANE, HILLINGDON, 
MIDDLESEX. Telephone : UXBRIDGE 925 and 2288. 
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Write NOW for full details 


BROOM & WADE LTD., HIGH WYCOMBE, ENGLAND 


Telephone: High Wycombe 1630 (8 lines). Telegrams: ‘‘ Broom’’ High Wycombe 
21S 
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BORING MACHINES - LATHES - DRILLING MACHINES - PORTABLE TOOLS - SLOTTING MACHINES 



















PLANING MACHINES - MACHINE SHOP ACCESSOB SHEARING MACHINES 


LOCOMOTIVES - CRAK RABS - EXCAVATORS 


COMPRESSORS - * PNEUMATIC TOOLS 
POWER HAMMER ENERATING PLANT 


WINCHES - 





WELDING PLANT § HOISTS 


BOILERS - PANS - 
MACHINE TOOLS 


HYDRAULIC PLANT 


FOUNDRY ACCESSORIES OVELS - DUMPERS 





CONCRETE MIXERS - LADDERS - SCAFFOLDING 


STORAGE TANKS - FURNACES - CONVEYORS 


BOILERS € TANKS 





Whenever you require plant or machinery 
it is worth bearing in mind that WARDS 
might have just what you need — new, rebuilt 


or secondhand — in stock, available for 
immediate delivery at one of their many 
depots. 





WE ARE EXHIBITING ON 


STAND No. D.639/538 


AT THE B.I.F. CASTLE BROMWICH 
































THOS W.WARD LID = 


ALBION WORKS -:- SHEFFIELD 


TELEPHONE: 26311 (22LINES) * TELEGRAMS: ‘FORWARD, SHEFFIELD’ 
LONDON OFFICE: BRETTENHAM HOUSE-LANCASTER PLACE « STRAND W.C.2 
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TRACK WOKK 





for Doeks 


and Harbours 








LASTING 


PROTECTION 


for 
Tron and Steel 











This highly efficient bituminous paint 
saves more than it costs 


To best way to keep metal from rusting is to give it a 
covering of Presomet. This flexible bituminous black 
paint can be applied by brush, spray, or by dipping, and 
flows exceptionally smoothly ; its great covering capacity 
makes it very economical. It dries quickly to form a glossy, 
durable surface that keeps off any weather and resists wear 
and rough treatment. 

Presomet is thus an efficient protection for all metal-work 
under marine conditions. It is widely used for bunkers, tank 
tops, metal decks, and holds—it preserves any exposed iron 
or steel from salt water and sea air. The cost is negligible 
compared with the resultant saving. 


Three grades (light, medium, heavy) available in 5, 10, and 
40-gallon drums. 











Complete layout for dock railway of 126.2 Ib. dock rail. 


PRESOM E I EDGAR ALLEN & CO. LTD. have specialised for many years in casting 


tramway and building up railway layouts in IMPERIAL manganese steel. The 


manufactured by the whole wealth of their knowledge is available in making trackwork, however 
; na Coa simple or intricate, in ORDINARY STEEL OR IN SPECIAL QUALITY 
Natio l l STEEL RAILS as specified. Trackwork for main line railways, sidings, docks, 
Board tramways, etc., can be supplied, and your trackwork problems discussed with 

Presomet is a product of British Coal. Further you by an expert at first hand. 


details, and advice on any technical problem, 
will gladly be given on application to the 


National Coal Board, By-Products, N.P. Bank ‘ 
Buildings, Docks, Cardiff. Write for Trackwork folder to: 

















EDGAR ALLEN & CO, LIMITED. 


IMPERIAL STEEL WORKS:- SHEFFIELD.9 
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To Correspondents 

All Letters and Contributions 
intended for Publication should 
be addressed to the Editor:— 
K. R. Doggett, Assoc.I.C.E., 
“The Dock & Harbour Authority,” 
19, Harcourt Street, London, W.1, 
and must in all cases be accom- 
panied by the name and address of 
the sender. 


To Advertisers 
Our circulation is world-wide, and 
we have subscribers in 72 coun- 
tries. For Advertisement Rates 
and particulars of space available 
apply to the Advertisement 
Manager, 19, Harcourt Street, W.1. 


Subscription Rates 
PER 2/- COPY 
(Plus 4d. postage) 
PER 26/- ANN. 
Post Free anywhere. 


All subscriptions must be Prepaid. 
Postal Orders and Cheques should 
be addressed and made payable 
to FOXLOW PUBLICATIONS 
LTD., 19, Harcourt Street, London, 
W.1, and crossed Midland Bank, 
Ltd. : 


Telephone: PAD 0077 and 0078. 
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Write for The Summerson Book of Sidings. Thos. Summerson & Sons, Ltd. Darlington. Phone Darlington 5226. London Office: 5a, Dean's Yard, Westminster, S.W.1. 





For sidings that are 
better made & better laid 


Part of a large railway ‘layout manufactured by Summersons, 
being installed by Summerson's platelayers ata large Steelworks. 








Abbey 1365 
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Leith Western Extension works — Breakwater under construction in 1940 


A 16 m/m. FILM OF THE ABOVE WORKS IS AVAILABLE FOR SHOWING TO 
INTERESTED PARTIES 


CONTRACTORS TO THE ADMIRALTY, CROWN AGENTS, ETC. 








)PSGATE, LONDON, E.C.2 


LINES) TELEGRAMS : “SOUNDINGS, PHONE, LONDON” 
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Editorial Comments 


The Ports of Wilmington and Morehead City. 

The January and February, 1943, issues of this Journal con- 
tained an article which described in considerable detail the pre-war 
port and harbour of the Port of Wilmington, North Carolina, 
U.S.A. Readers will be interested, therefore, in the contribution 
which appears on another page in the present number, recording 
the extensions and improvements which have been made at this 
North American port during the intervening years. 

Since the recent war, the Ports of Wilmington, Morehead City 
and Southport, have been incorporated in an autonomous body 
known as the North Carolina State Ports Authority, and acting 
upon the wide powers conferred upon it, the new Authority imme- 
diately took steps to improve port facilities at the Port of Wilming- 
ton, which is situated on the South-Eastern sea-board of the State, 
and at Morehead City, 90 miles further north on the Beaufort 
Inlet which lies behind Cape Lookout. 

The approaches to these two ports vary considerably. At More- 
head City a short dredged channel with a depth of 30-ft. at mean 
low water connects the port area with the sea. At Wilmington, on 
the other hand, access to the port is through a dredged channel 
34-ft. deep and some 30 miles long in the estuary of the Cape Fear 
River (which has a length of about 250 miles and thus is compar- 
able with the River Thames). The extent to which these dredged 
channels are self-maintaining is not disclosed, but at Wilmington, 
although the mean tidal range is only 3.36-ft., the extreme range 
is about 6.5-ft., both at the port and at the ocean bars, while there 
is a strong flood tide and an ebb tide with a velocity of about three 
knots. 

The extent and design of the transit sheds and warehouses, 
which, due in part perhaps to the ample space available, are single 
storey, are worthy of note, as is also the design of the wharf, the 
apron of which is 43-ft. wide, and of the cavity type, with surfaced 
selected filling, which not only saves concrete but also provides a 
heavy deck system. 

Jurisdiction over the Ports of Wilmington and Morehead City 
is vested in the State of North Carolina and it will be observed that 
this power is exercised by the State over any other ports which 
may be deemed necessary for waterborne commerce, which with 
the control of the American Legislature over all maritime works and 
facilities represents an important method of port administration 
in the United States. It will also be observed that the new North 
Carolina Port Authority is still in competition with other port termi- 
nals at Wilmington and elsewhere which are owned by various 
railroads, but we are not informed whether any co-ordination exists 
between the competing interests regarding the scale of charges for 
port and dock dues. The trade and future prosperity of both 
Wilmington and Morehead City would seem in any case to be well 
assured. however, having regard to their encouraging export and 
import possibilities. 


Coastal Engineering. 

There are no more tantalizing problems in nature than those 
presented by sea action at, and near, the coastal boundaries of the 
wide oceans. They are complex problems enfolding all the irregu- 
larities of unconfined and trequently unpredictable phenomena. 
To analyse or separate the one teature from the other has its diffi- 
culties, as the characteristics of the whole are so variable and inter- 
dependent that cause and effect become elusive. Recognising 
the value of the interchange of information and ideas, the Council 
of Wave Research of the University of California in collaboration 
with the Scripps Institution of Oceanography, the American Geo- 
physical Union, the Army Corps of Engineers, the Hydrographic 
Office of the U.S.A. Navy, the Beach Erosion Board, and several 
other important bodies, has inaugurated an annual conference 
to discuss these matters. 

The first meeting took place at Long Beach, California, in 1950, 
and thirty-five papers were submitted, six of them dealing with 
the Basic Principles of Wave Motion, six with Basic Design Data, 
seven with Coastal Sediment Problems, nine with Site Criteria and 
the Design and Construction of Coastal Works and seven with the 
Case Histories of Coastal Projects. These papers have just been 
issued in book form under the title of ‘‘ Coastal Engineering.’’ As 
would be expected, such a varied selection of papers contains much 
that is interesting, instructive, and of great practical use. We are 
therefore fortunate to obtain permission from the above Authorities 
to reprint for the benefit of our readers, selections of the papers, 
the first of which, ‘‘ Elements of Wave Theory ’’ by R. L. Wiegel 
and J. W. Johnson appears on page 15 of this issue. 

The large number of the papers in the book, with little or no dupli- 
cation, show the scope of the subject matter comprised in the title. 
Indeed, problems of beach erosion, protection, silting, and amenity 
structures, require for efficient solution a knowledge of wind and 
wave mechanism and effects, currents, tides, morphology of the 
coast, hydrography of the littoral, the character and quantity of 
littoral mobile material, the feeding sources in the zone, and the 
influence of man-made structures on the beach regimen. It is rea- 
lised today that such fundamental knowledge is a pre-requisite 
to successful operations, but in times past, disregard of such matters 
has resulted in the worsening of conditions by ill-advised inter- 
ference with natural phenomena. 

As Messrs. Wiegel and Johnson point out in their paper, the 
theoretical approach is tempered to the useful end, and although 
the classical theories have been founded on assumptions not rigor- 
ously applicable to actual sea waves, they have been proved to be 
as near as we can get to express the mathematical mechanism of the 
jumbled seas about our coasts. The support for the Stokes Wave 
theory is interesting, as it shows the trend of scientific theory tc 
become more practical minded, meshing in with the needs of the 
engineer. The intensive study and experimental investigation of 








N 


the diffraction and refraction of waves over a wide stretch of the 
littoral is bringing to light many of the troublesome features of 
complicated wave mechanism and wave manufactured currents. 
It is interesting to note that the Wave Research Council had 
a further successful meeting in Houston, U.S.A. in November last, 
and we hope in due course to be favoured with similar facilities to 
reprint a selection of the papers which were read at that meeting. 


The St. Lawrence Seaway. 

Towards the middie of last month, a conference was held in 
Wasnington, U.5.A., when initiation of work on the power scheme 
in connection with the St. Lawrence Seaway and Power Project 
was discissed between President Truman and United States and 
Canadian officials. 

As has already been pointed out in these columns, American 
co-operation in the power phase is necessary because, under the 
Boundary Waters Treaty of 1909, a joint United States-Canadian 
Commission was established to review any proposals which might 
alter the level or flow of the St. Lawrence River and other boundary 
waters. At the conference referred to above, Mr. Truman agreed 
to the immediate submission of the all-Canadian project to this 
Joint Commission, without prejudice to any action which might 
be taken later by the American Congress to make the international 
waterway project possible on the basis of the 1941 agreement made 
between the two countries. 

It will be remembered that the Canadian House of Commons 
recently passed a Bill authorising the Government to proceed with 
the building of the Seaway, whether the United States agrees to 
co-operate in the project or not. 

Meanwhile, the latest reports available at the time of going to 
press, indicate that the U.S. Senate Foreign Relations Committee, 
debating the St. Lawrence Seaway and Power Project, has voted 
to report back to the Senate for further consideration. A move to 
report favourably, only just failed on an equal vote of six for and 
six against the proposal. The Senate will now have the oppor- 
tunity to debate plans for the joint construction of the Seaway in 
co-operation with Canada, but it is understood that the chances of 
approval being given by the U.S.A. to the Seaway part of the 
project are still considered to be remote. 


Continuing Problem of Cargo Pilferage. 

The Liverpool Underwriters’ Association, in their 150th Report 
which was issued early last March, expresses concern at the serious 
position regarding cargo pilferage at ports. This subject has 
frequently been referred to in these columns, and unfortunately, 
it seems that the world-wide problem of suppressing the evil is 
as far from solution as ever. 

According to the Report referred to above, it appears that, 
during ihe early part of last year, there were indications that losses 
on the Merseyside were becoming a !ittle less serious, but towards 
the end of the year, the position again deteriorated, due, in some 
measure, to the further increase in the cost of consumer goods 
which are in short supply as the result of strategic stockpiling and 
the rearmament programme. 

Congestion at ports resulting from shortage of labour and out- 
of-date cargo handling equipment renders the problem of preven- 
tion more serious and one of the most disturbing features has been 
the number of highly organised thefts of large quantities of cargo 
from warehouses. 

The Liverpool police report that, during the twelve months from 
October, 1950, to 1951, the reported number of thefts of cargo was 
650, compared with 524 in the previous year. The increase in the 
number of cases at the dock estate in Birkenhead was even more 
alarming, the totals being 50 and 163 respectively. One en- 
couraging feature, however, has been the success obtained from the 
improved methods. of co-operation with the Mersey Docks and 
Harbour Board and the new system of detection employed by the 
police, which has enabled no less than 78% of the thefts to be 
detected. 

Where foreign ports are concerned, the Report states that in- 
formation from abroad also is far from encouraging; to take only 
one example, a report was made towards the end of last year by 
an agent of the Federal Bureau of Investigation in New York, 
stating that the amount of theft and pilferage on the New York 
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waterfront had now become intolerable. A proposal has als¢ 
come from New York that manufacturers should adopt the use o 
secret identification marks for valuable cargoes. This suggestion 
incidentally, was put forward by the Liverpool Underwriters 
Association in their report for 1948. 

Col. A. C. Tod, C.B.E., chairman of Elder Dempster Line 
Holdings, Ltd., recently stated that his Company’s losses fron 
theft and pilferage continue to increase in spite of the elaborat: 
and expensive precautionary measures taken. He pointed out tha 
during 1951 no less than 148 persons were convicted by courts, a 
home and abroad, for thefts of cargo in the Company’s cusiody 
and added that they cannot expect a satisfactory end to thei: 
pilferage problem while the rewards’ for successful stealing are s: 
great and the penalties on detection relatively so small. 

This seems to be the crux of the position, and some sterne 
sentence than merely imposing a small fine or a short term o! 
imprisonment is clearly required. It is certainly time that mor 
drastic steps were taken to eradicate an evil which shows little sign 
of decreasing. 

Ganiry Cranes Expedite Cargo Handling. 

In view of the controversy which has been freely ventilated fo 
many years past concerning the speed and efficiency of cargo 
handling by quay cranes compared with ship’s gear, it is inter 
csting to observe that in the February, 1952, issue of ‘‘ World 
Ports,’’ the official organ of the American Association of Port 
Authorities, it is stated that the extensive use of gantry cranes at 
the Seattle Port of Embarkation has been largely responsible foi 
speedy and efficient cargo loading and unloading operations 

The port has four full-arch gantry cranes which move the length 
of the piers on rails, and are used to Joad vehicles and other heavy 
freight from the dock, rail cars, or barge directly to ship. The 
majority of the lifts are five tors or less, and it has been found 
that vehicles can be loaded faster and with greater safety by crane 
than with ship’s gear, as the crane can expeditiously spot vehicles 
in the square of any hatch with precision accuracy. In handling 
lifts from barges gantry cranes can reach across a ship to make a 
lift, and they also can move on their tracks along the pier, take a 
lift from a flatcar and travel with it to the proper hatch and lower 
it into the ship’s hold. P 

An example of how the speed and flexibility of cranes save time 
and money was shown in a recent barge loading operation. Several 
flatcar loads of 80-ft. steel sheet piles arrived at the Port of Seattle, 
and by running the cars under the crane, the piles were lifted 15 
to 20 at a time and placed on the barges. It is estimated that the 
crane unloaded the cars in one-tenth of the time required to handle 
them by any other means, so that labour costs were appreciably 
reduced and the rail equipment was freed sooner 


Trent Navigation Improvement. 

A large modern lock at Newark, built by the Docks and Inland 
Waterways Executive to facilitate the movement of traffic on the 
Trent Navigation between the Humber and Nottingham area, was 
officially opened last month. 

The new lock is 192-ft. 10-in. in length, 30-ft. 2-in. wide, with a 
depth of water 8-ft. 6-in. It will be able to pass in one operation 
a unit of four standard Trent craft carrying about 500 tons, or a 
large single craft of 200 to 250 tons capacity, according to the 
type of cargo. The old lock could deal only with single craft of 
the standard Trent type, but the new lock will enable the larger 
craft, including an increasing number of oil tankers, to extend 
operations up to Colwick. Later, when certain other work has 
been carried out, they will be able to reach Nottingham. 

The opening of the new lock marks the virtual completion of an 
ambitious plan authorised in the Trent Navigation Act of 1906. 
Speaking at a luncheon following the opening ceremony, Sir Regi- 
nald Hill, chairman of the Executive, said that, subject to 
reasonable traffic being forthcoming, the expenditure at Newark 
should prove to be profitable. Interest in waterways was beginning 
to revive and the project just completed was the first major im- 
provement on the waterways since the war and was the answer 
to those who would write off inland water transport. 

In a forthcoming issue. we hope to publish an article describing 
the technical features of the new works. 
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THE Dock AND HARBOUR AUTHORITY 


The Ports of Wilmington and Morehead_ City 


Two Modern Seaports of North Carolina, U.S.A. 


Carolina has been engaged in building 

modern port terminals at Wilmington 

and Morehead City, in an endeavour 
to regain some of the substantial waterborne 
commerce it once enjoyed. The present de- 
velopment of the two new ports is the 
realisation of an idea originating over thirty 
years ago. 
' The necessity for greater facilities to 
handle the growing industrial output of the 
State of North Carolina and adjacent terri- 
tories was realised as far back as 1920, but 
political and other reasons prevented tne 
construction of State ports at that time. It 
was not until 1945 that the State Legislature 
of North Carolina passed an Act creating a 
body known as the North Carolina State 
Ports Authority consisting of eight (later in- 
creased to nine) members appointed by the 
Governor. The Act was drawn to give the 
Authority wide powers to develop and im- 
prove the harbours or seaports at Wilming- 
ton, Morehead City and Southport, North 
Carolina, and such other places as they may 
deem necessary, for the more expeditious 
and efficient handling of waterborne com- 
merce to and from any part of the State of 
North Carolina and other states and foreign 
countries. 

No funds were at first made available to 
the new Authority, but in 1947, the 
Legislature appropriated $100,000 for 
administrative expenses in connection with 
the preparation of an overall plan of deve- 
lopment. Robert & Company, Atlanta and 
Washington, D.C., engineers, were there- 
upon employed to make a comprehensive 
survey of the port’s potentials, and two 
years later, following a thorough investiga- 
tion into the physical problems involved, 
their Report was issued; this recommended 
that modern port facilities be developed at 
Wilmington and Morehead City, and that a 
system of secondary, or feeder, ports be 
developed, utilising the Intercoastal water- 
way canal that winds the length of North 
Carolina’s irregular and shallow coastline. 
[he Robert Report also recommended that 
the State take over the physical properties 
of the Morehead City Port Commission on 
Bogue Sound, and that the State lease or 
purchase from the Federal Government all 

a portion of, the Maritime Commission 
property at Wilmington where, during the 
war, the Federal Government had con- 
structed a large shipyard for the build’ng 
{ Liberty Ships. 

After further negotiations had been con- 
lucted by the Port Authority, the State 
Legislature, in 1949, made available, by the 
ile of State bonds, seven and a half million 
‘ollars for the construction of State Ports at 


F OR some years past, the State of North 


Wilmington_and Morehead City in accord- 


ice with the preliminary plans which had 


(Specially Contributed ) 


The composition of the Port Authority is 
varied and interesting. Its members are 
appointed for four-year terms by the 
Governor of the State, and meet when asked 
by the Chairman or Executive Director, 
usually once a quarter, interim matters re- 
quiring action or decision being delegated to 
an executive committee. 

At both Morehead and Wilmington, the 
State Port Authority has ample land for ex- 


pansion, though no immediate plans in that 
direction are contemplated. 

Morehead City is 90 miles north of 
Wilmington, a fact which has raised some 
question as to the soundness of the State’s 
policy of developing two about-equal facili- 
ties for water-borne commerce. Factors 
which influenced the decision were that the 
concentration of the entire programme at 
Wilmington — or alternatively Morehead 
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The Ports of W. ilmington and Morehead City—continued 
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Artist’s impression of completed facilities at Port of Wilmington. 


City—would have had an adverse economic 
effect upon the other port. The Morehead 
facility, developed and financed by the City 
of Morehead, has never paid its way, and 
the local Port Commission has experienced 
great difficulty in handling its $400,000 bond 
issue. Had the State of North Carolina 
developed state terminals exclusively at 
Wilmington, the Morehead project would 
have been in immediate danger of bank- 
ruptcy. 

On the other hand, if the State had con- 
centrated solely on the Port of Morehead, 
serious objection undoubtedly would have 
been forthcoming from Wilmington private 
terminal and railroad interests. A com- 
promise programme was, therefore, indicated 
for political as well as economic reasons, and 
under the programme which has_ been 
agreed, neither city is favoured over the 
other. As a matter of fact, there is ample 
business for both ports, and for private 
operators as well. North Carolina is the 
world’s major producer of bright leaf 
tobaccos, and about one-half of the United 
States’ cigarette tobacco is grown in the 
eastern half of North Carolina. Wilmington 
and Morehead terminals are, therefore, 
certain to get a large share of the industry’s 
export business on account of their proximity 
to the tobacco growing areas. North Caro- 
lina is also expanding rapidly as an impor- 
tant industrial region. The cheap electric 
power, which is available, has already 
attracted many new industries, the products 
from which will comprise an important per- 
centage of the exports. 

On the import side, both ports expect a 
substantial business in foreign tobaccos 
destined for the cigarette industry in Dur- 
ham, Reidsville and Winston-Salem. Like- 
wise, a considerable trade in imported hard- 
woods from the Philippines, South America 
and Central America is expected for the 
North Carolina cities of High Point and 
Thomasville, which are situated about 200 
miles inland and are important furniture 
manufacturing centres and major customers 
of hardwood lumber importers. There are 
also signs of an appreciable trade in wool, 
cotton, canned foodstuffs, and the two prin- 


cipal products of the Hawaiian islands, sugar 
and pineapple. 


THE PORT OF WILMINGTON 
Early History. 


At one time, Wilmington was the principal 
port of North Carolina engaged in very pro- 
fitable commerce. That was when cotton 
was of importance in the Carolinas, and 
pitch and turpentine were obtained from the 
pine forests which covered much of the area. 
Thousands of bales of cotton and a great 
tonnage of naval stores from the pine forests 
made Wilmington a port of some impor- 
tance, although it was never a trading centre 
in the proportions of Norfolk, which lies 
some 250 miles to the north. 

From 1902 until 1925, with the exception 
of the period immediately following the 
First World War, the port traffic of 
Wilmington remained approximately the 
same, but from 1925 onwards, there has 
been a steady increase (except during 
World War II), as the following figures will 
show. 


BUILDING LINE 


Year Short Tons Year Short Tons 
1902 841,000 1941 2,819,000 
1905 871,000 1942 890,000 
1910 944,000 1943 649,000 
1915 709,000 1944 1,061,000 
1920 582,000 1045 1,169,000 
1925 1,027,000 1946 2,102,000 
1930 1,258,000 1947 2,345,177 
1935 1,388,000 1948 2,950,729 
1940 2,768,000 1949 3,107,340 


In common with many other ports, there 
was a recession in commerce during the war 
years I94I-5, and upon the conclusion of 
hostilities, it was decided that energetic 
measures were necessary to restore the posi- 
tion, and a systematic campaign was there- 
upon conducted to stir local interest in the 
development of the port. This stressed the 
benefits which would accrue to local industry 
and agriculture through shorter and less ex- 
pensive overland freight hauls by use of 
North Carolina ports. Finally, as already 
stated, the State Legislature appropriated 
$100,000 for the Port Authority’s operations 
during the biennium of 1947-49. None of 
this appropriation was intended for building 
purposes, but rather for additional surveys 
and the staffing of the Authority’s offices, 
formally established at Wilmington in the 
Spring of 1947. One of the first acts of the 
Authority was to appoint Col. George W. 
Gillette, a retired U.S. Army Engineer as 
its first Executive Director. Col. Gillette is 
a native of North Carolina and had 30 years 
service with the Corps of Engineers. Twice 
during his military career he had been 
assigned to the Wilmington district of the 
Corps, a position which enabled him to 
obtain first-hand ,and detailed knowledge of 
North Carolina’s waterways and harbours. 


Technical Description of the Port. 

The Port of Wilmington is situated on the 
Cape Fear River 30 miles from the Atlantic 
Ocean with a wide channel to the docks 
32-ft. deep at mean low water. Congress 
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* has recently authorised an increase in the 


projected depth to 34-ft. at mean low water, 
pius 2-tt. overdepth together with a widen- 
ing pf the anchorage basin. 

In the early summer of 1950, a contract 
valued at two million dollars was awarded 


' to the Diamond Construction Company of 
} Washington, D.C., for the construction of 
| a marginal wharf, 1,510-ft. long and 200-ft. 


wide at which three ships will be able to 
berth simultaneously. The structure consists 
of approximately 3,000 concrete piles driven 
to a bearing in hard material approximately 
46-ft. below mean low water. These piles 


/ support a reinforced concrete deck designed 





for a loading of 500 pounds per square foot. 
The deck will also support two railroad 
tracks and gantry cranes at shipside and 
transit sheds adjacent to the berths. 


The fender system consists of Greenheart 
piles and timber framing. The pavement is 
of 8-in. concrete slabs so constructed with 
load transfer joints as to provide a heavy 
duty pavement. 


Railroad Construction : The apron tracks 
are 128-lb. girder grooved rail, treated ties; 
double tongue turnouts with 149-lb. girder 
guatd rails and flush lever boxes. Other 
tracks are 80-lb. rail, treated ties, ballasted 
to an average of 5-in. under ties, 2,000 cu. 
yds. per mile; turnouts, A.R.E.A. Standard 
No. 8, rigid railbound frog, 11-ft. guard- 
rail and plates, 16-ft. 6-in. switch, straight 
split type, with low-type lever boxes. 


Transit Sheds: Two sheds of 79,000 
square feet each have been built on the con- 
crete deck. The roof and sidewall framings 
are of structural steel, the roof covering 
being of pre-cast concrete slabs, with a sur- 
facing of two-course tar and _ gravel con- 
struction. The skylights are of corrugated 
glass, gabled type with ridge vent and 
damper. The lower 5-ft. of the sidewalls is of 
reinforced concrete and the upper portion of 
corrugated galvanised metal. Doors are of 
the steel rolling type with automatic opera- 
tion at firewalls only. Firewalls and toilet 
room enclosures are of concrete and the 
office side walls of insulated metal panels. 


The Storage Warehouse, 98,000 square 
feet in area is constructed behind the transit 
sheds and is built on consolidated filling. 
The retaining walls, column footings and 
columns are of reinforced concrete and the 
concrete floor slab rests upon the fill. Struc- 
tural steel roof framing supports precast 
concrete roof slabs, and the roofing and sky- 
lights are similar to the transit sheds. Ex- 
terior walls and firewalls are of concrete. 
Doors are of the horizontal sliding type 
except for the truck entrance doors on west 
elevation, which are of the steel rolling 
type, with automatic operation only at fire- 
walls. 


Fumigating Plant. This will provide four 
vecuum chambers approximately 6-ft. x 
9 ft. long for the fumigation of tobacco, 
co'ton and other commodities requiring such 
treatment, using the vacuum method. 
Chambers are designed for a 28-in. vacuum 





THE Dock AND HARBOUR AUTHORITY 


The Ports of Wilmington and Morehead City—continued 


and are of steel plate construction with 
structural steel stiffeners within the equip- 
ment building. This building houses the 
vacuum pumps, control valves, vaporising 
equipment, exhaust fans and provides sepa- 
rate rooms for storage of gas masks and 
chemicals. It is of steel framing with 
insulated metal sides and roof covering. 

The Scale House will be of reinforced 
concrete construction for the scale pits and 
floors, with metal covered light steel fram- 
ing. Motor truck scale to be 50 ton type 
registering, 45-ft. x 10-ft. platform. Rail- 
way track scale will be 75-ton, with a 60-ft. 
platform, also type registering. 






Wilmington’s municipal supply, with a 
200,000 gallon elevated tank. 

Other. Miscellaneous Utilities will be 
largely extensions of existing shipyard 


facilities. The principal storm drainage work 
will be an 8-ft. x 1o-ft. concrete box cul- 
vert at the North boundary of the shipyard 
to provide for drainage of the railroad yards 
and access road. The Gantry Cranes will be 
self-propelled spanning two tracks equipped 
with 60-ft. booms capable of handling 15 
tons at a radius of 4o-ft. 

The wharf was completed early in Sep- 
tember, 1951, and the two transit sheds, the 
warehouse, and the other auxiliary buildings 
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Details of reinforced concrete pile construction for Wharf and Apron, Port of Wilmington. 


Office and Maintenance Shop facilities 
will be located in an existing building. This 
will require remodelling to provide efficient 
facilities for these purposes, including the 
installation of adequate plumbing, heating 
and lighting in addition to new partition 
construction and other modification. 


Fire Protection Systems are provided con- 
sisting of ‘adequate water distribution 
system, outside hydrants including flush 
hydrants on apron, and complete automatic 
sprinkler systems (of dry-pipe type) for all 
buildings. 

The Electrical System wil! include outside 
distribution, overhead type, street lighting, 
apron flood-lighting and interior lighting for 
all structures. Lighting intensities to be 
provided will be 10 Foot Candles in transit 
shed and storage warehouse storage areas, 
20 Foot Candles on platforms and in toilet 
areas and 30 Foot Candles in office areas 


The Water System will provide for fire 
protection, ships’ water and other uses, and 
will be a complete new system, taken from 





already referred to, were completed six 
months later, at a cost of approximately 
three million dollars. 


Trade Returns. 

The latest trading figures available show 
that in 1950 the Port of Wilmington handled 
nearly 4,000,000 tons of foreign and coast- 
wise imports, mostly sulphur, nitrates and 
petroleum. Exports, however, exclusive of 
petroleum handled in bulk on the Cape Fear 
river, amounted to only 24,500 tons. The 
totals for 1951, both imports and exports 
will show an appreciable increase on the 
above figures. 

The Authority’s terminals are but one of 
five such facilities on the Cape Fear River 
at or near Wilmington. The Atlantic Coast 
Line railroad owns and operates docks and 
warehouses, as does the Seaboard Railroad. 
Other terminals are owned and operated by 
the Wilmington Terminal Warehouse Com- 
pany and Heide & Co. These are larger 


than the railroad-owned terminals, but con- 
siderably smaller than those the State has 
now built. 
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THE PORT OF MOREHEAD CITY 

At Morehead City, the State Authority re- 
cently acquired, by a special act of the 
State Legislature in January, 1951, the 
physical assets of the Morehead City Port 
Commission, a municipal body first created 
in 1928, and responsible for the develop- 
ment of a public dock and warehouse on 


Bogue Sound in 1936-37. The State 


Authority also paid off and retired some 
$387,000 in Morehead City Port bonds, in- 
cluding nearly $200,000 of the issue held by 
the Reconstruction Finance Corporation. 
Prior to the development programme at 
present in hand, the Morehead terminal con- 
sisted of a goo-ft. bulkhead-type pier tra- 
versed by a single railroad track, and 
supporting a transit shed-warehouse of 
30,000 sq. ft. The enlargement of the facili- 
ties involve the extension of a 1,200-ft. 
bulkhead-type wharf at a right-angle to the 
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Artist’s impression of completed facilities at Morehead City. 
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existing pier, and the construction of a fire- 
proof transit shed, two fire-proof storage 
warehouses, with fire protection, electrical 
and water systems and with railroad and 
highway connections. Technical construc- 
tion details are approximately the same as at 
Wilmington except that instead of resting on 
concrete pue foundation a steel sheet pile 
bulkhead will be constructed and filled in. 

Carr and J. E. Greiner and Company of 
Durham, North Carolina, and Baltimore, 
Maryland, designed the project and super- 
vised the construction and the contractor 
was T. A. Loving and Company of Golds- 
boro, North Carolina. 

Morehead City, which is located on the 
west bank of the Bogue Sound, is approxi- 
mately 3$ miles from the sea and has a 
channel 30-ft. deep at mean low water. U.S. 
Army Engineers have now _ completed 
making a survey of the channel and have 
approved additional dredging to a depth of 
35-ft. with increased widths in the anchorage 
and turning basins. 

At present the State Authority is the only 
terminal operator, and no private facilities 
exist other than a small dock owned and 
used by an oil company for its tank storage 
plant. The Navy uses the port extensively 
in connection with operations at the Camp 
Le Jeune Marine Base and is requesting 
additional water facilities at this place. 


International Hydrographic Conference. 

Twenty-seven nations will be represented 
at the sixth International Hydrographic 
Conference, which opens at Monaco on May 
29 and is expected to last a fortnight. These 
conferences are held every five years and the 
delegates of member States are usually 
headed by the hydrographer of each coun- 
try. The United Kingdom delegation wii 
be represented by Rear-Admiral A. Day, 
the Hydrographer of the Navy; Mr. N. 
Atherton, Chief Civil Hydrographic Officer; 
and Commander R. H. Kennedy. Since 
1921, the work of the conference has been 
in the hands of the International Hydro 
graphic Bureau, which is a permanen' 
organisation administered by a committee of 
three directors with a wide experience o* 
practical hydrography. 
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THE Dock AND HARBOUR AUTHORITY 


The Lay-Out of Dock Railways 





An Important Adjunct to Efficient Port Working 


By HENRY F. CORNICK, M.C., M.I.C.E. 


of the world, their construction preceded that of the railways 

and, in many instances, owing to the conditions set up thereby, 

and the limited space available, it has not always been pos- 
sible to lay out railways in the best and most efficient manner. 
On the other hand, during the past half century up to 1920, in 
the United Kingdom, the Dominions and Colonies, and particu- 
larly in the United States, a number of ports have been constructed 
with railways in mind as the principal form of inland trans- 
portation. 

It is to such ports that one naturally turns one’s attention, in 
the expectation of finding the most efficient layouts for ports 
largely served by railways, little consideration having been given, 
at the time of their construction, to road transport, and none 
possibly to the handling of freight by motor transport. Accord- 
ingly, a study of the railway layout of these ports usually pro- 
vides valuable object lessons for those confronted with the problem 
of reorganising railway facilities in existing docks, or designing 
modernisation schemes, or new dock installations. 

In modern times, however, increasing attention must be given 
to providing docks with efficient road layouts as well as railways, 
to cope with the increasing use of road vehicles for inland freight 
haulage. It is, in many, instances, no mean problem to arrive 
at a layout which will do justice to both services in existing docks 
where space is limited. 

Whatever general layout is adopted or possible, the functions 
of dock railways and sidings will be the same, namely to provide 
areas in which (1) the railway waggons may be exchanged between 
the main line railway system and the port railways and vice versa, 
(2) inward bound waggons may be sorted to berth, transit shed or 
warehouse order, and made up into trains for placing at these 
destinations within the docks, (3) outward bound railway wag- 
gons, i.e., those leaving the docks, may be sorted into train order, 
or where possible, into marshalling yard order or station order 
ready for handing over to the main line railway system. 


E THE CASE of a large number of docks, in many countries 


General Layout of Railways. 

To fulfil the above broad outline of functions, the railway system 
of a port must therefore include exchange and classification yards. 
Their size must be such as to allow the despatch of inward and 
outward goods, from and to the main line, to an extent at least 
equal to the handling capacity at the quays from rail to ship and 
shed, or vice versa. To this duty the main line railway contri- 
butes through its own marshalling yard, local goods depot and 
sidings, and it is then performed consecutively by the main ex- 
change sidings or marshalling yard of the dock system, the district 
yards and finally the loading tracks at the quays and shed plat- 
forms, and vice versa. 

The exchange sidings, marshalling yard or holding yard, as 
they are variously termed, are used for the temporary holding or 
storage of waggons to be unloaded at the dock, or trains of empty 
waggons for loading. The classification yards or sorting sidings 
are used for grouping and sorting incoming waggons in accord- 
ance with their dock side destinations, or alternatively, outgoing 
waggons, in respect to requirements prior to passing them on to 
the exchange sidings for handing over to the main line railway. 

The position and design of these yards is of some importance, for 
example, the main exchange sidings should be near the railway 
entrance to the dock, i.e. as near as possible to the main line 
railway. While the sorting sidings should be located not too far 
distant from the quays or piers which they serve. In some 
American ports where the pier system predominates, they are 
situated at the root of the pier and sometimes between the sheds 
on the centre line of the pier. 

Finally, there are the loading tracks and service or through 


tracks on the quays and at the rear of the transit sheds, the num- 
ber provided and layout of which are governed by a number of 
considerations. Fig. 1 shows in diagrammatic form the layout of 
a dock railway system. 

Railways and roadways must be so arranged and laid out that 
railway traffic and road traffic interfere with each other as little 
as possible. 

Exchange Sidings. 

These sidings are those on which incoming and outgoing trains 
are exchanged between the State or main line railways and the 
dock railways and where trains are held pending their being broken 
down, marshalled and shunted into sorting siding order, governed 
by their berth or other destination. Many main line railways will 
only allow their heavy main line locomotives to pass up to a 
certain point in the exchange sidings of a dock, or it may be over 
certain agreed sections. The length of exchange sidings depends 
upon the maximum length of trains running to the docks which 
may vary considerably according to the situation of the docks, i.e. 
whether in flat or mountainous country, together with the power 
of the State or main line railway locomotives. 




































tf 
& 4 
Fe 
ater ui 
S* 
S70) 
. . . g fF) 
Fig. 1. Diagrammatic Layout of ae, 
: ev 
Typical Dock Railway System. 4 «|| 
/ S 
‘ x 
/ q 
‘ 
‘ 
/ 
‘ 
/ 
ones] BERTH S 
BEerTw 4 
——— 
T>. Main Line Excnanes Soomme | 
Sn 
Si0ines “2 
\ — << 
\ BartTw 3 
\ BerTu 2 
[SonTinG\ 
\Sangs / 


Berte fl. 


In normal circumstances in this country, accommodation should 
be provided for not less than 60-80 normal waggons. The number 
of tracks which will need to be provided is governed by (1) the 
maximum number of inward trains likely to arrive; (2) the 
accommodation at the sorting sidings; (3) the celerity with which 
waggons can be sorted at the sorting sidings and transferred to 
the tracks at fhe quays or other destinations in the docks; (4) the 
speed at which waggons can be loaded at the quays ex ship or 
shed, and passed to the sorting sidings. Escape roads should be 
provided to allow the main line locomotives to be released from 
the exchange sidings as soon as they have placed their trains, and 
facilities for supplying water to locomotives should be arranged, 
accessible to those of the main line railway. 

Sorting Sidings. 

These sidings are those on which trains from the exchange sidings 
are broken up into trains of waggons in berth, transit shed, ware- 
house or other order. Alternatively, it is here that outgoing wag- 
gons are sorted into train order and where possible into railway 
marshalling yard or station order ready for handing over to the 
main line through the exchange sidings. They are connected with 


the exchange sidings by through tracks, and tracks known as 
shunting necks are provided, upon which the actual shunting 
takes place. 
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The Lay-Out of Dock Railways—continued 


Cart Road 





ad re. 
Fig. 2. General arrangement of Tracks. 

A very important principle in railway yard working is that 
waggons should be kept moving in one direction and for this pur- 
pose it is desirable that sorting sidings should be situated en route 
from the quays or berths to the exchange sidings (see Fig. 1). 
If this ideal layout cannot be attained reverse movements of wag- 
gons will occur during shuntng. 

The layout of sidings is influenced also by whether they are 
“* flat ’’ or ‘‘ humped.’’ Flat sidings are most often used in docks 
where space is usually limited. Where there is sufficient density 
of traffic and space permits, ‘‘ gravity ’’’ or ‘‘ humped ’’ yards 
are increasing in favour and are greatly used in coal exporting 
docks such as Swansea, Newport, Sunderland, etc., and at many 
main line goods marshalling yards. 


Quay Railway Tracks. 


The number and arrangement of tracks on general cargo quays 
and berths depend upon the importance ot railway freight haul- 
age relative to road transport, and again upon the quantity of 
goods transterred to ship trom railway waggons and vice versa 
together with the amount arriving at the transit shed via the rail- 
way or the amount of imported goods removed from the transit 
sheds by railway. 

In not many ports is a great proportion of general cargo trans- 
ferred directly trom railway waggons to ships and vice versa. 
Normally, the transit sheds on quays are used as temporary 
reservoirs for the assemblage of outgoing cargo, so that it may be 
quickly loaded when the ship arrives. Alternatively, the shed 
is used as temporary storage until the customs and other formali- 
ties are concluded and the details of destinations of parcels of 
imported cargo are agreed with the shippers. In such cases there 
is little need for a multiplicity of quay side or rear of shed railway 
tracks. Experience seems to show, however, that two tracks on 
the quay side and two in rear of the sheds should be provided, 
one of which in each case serving as a through road or service 
track. 

Where several berths and sheds in a line are concerned and a 
heavy transfer of goods directly from ship to waggon or vice versa 
is expected, two quayside tracks may be needed as loading tracks, 
in which case a third track as a through service track must be 
provided. In not many instances will it be necessary to provide 
more than a total of three quayside and two rear of shed rail 
tracks, i.e. inclusive of service tracks. It must be remembered, 
however, that multi-storied transit sheds provided with long reach 
roof or wall cranes may enable two loading tracks to be provided 
at the rear of the sheds if the quantity of rail borne goods demand 
them. 

On most quays, although normal working may not include direct 
ship to waggon or vice versa working, nevertheless, provision 
should be made for rail borne medium heavy pieces of cargo, 
which are within the capacity of the quay cranes, to be handled 
direct to or from the shin. 

In many docks the tracks in rear of the transit sheds are placed 
at a lower level than those on the quayside, thus enabling a loading 
platform to be provided. In the United States depressed tracks 
are sometimes provided in the sheds themselves especially on 
‘* finger ’’ piers; in narrow sheds, however, they take up valuable 
space, and in many other ways are apt to be detrimental. Where 


in use in America they no doubt serve the purposes for which they 
were designed, notably in the railroad terminals. 

To obtain the greatest efficiency from quayside railways, there 
should be a crossover road opposite the centre of each ship’s berth 
and between berths. In regard to the rear tracks, crossovers are 
preferably placed towards the ends of the sheds. Such arrange- 
ments will permit of movement of railway waggons to and from 
each berth without mutual interference. 

Rails on the quays must be “ flatted ’’ with the switch lever 
boxes of the obstructionless type. If road transport is also to be 
loaded in rear of the sheds at the loading platforms, it will also 
be necessary to “‘ flat ’’ the rails in rear of the sheds as well. But 
it is better to arrange for motor vehicles to have access to the sheds 
at their ends or to have platforms there with road transport areas 
at the ends of the sheds with access from a road in rear. There 
are, of course, many special layouts of rails and roads in rear of 
multi-storied sheds enabling loading platforms for road vehicles 
to be quite separate from similar railway facilities. 

Figs. 2, 3 and 4 illustrate respectively a transit shed and quay 
layout of railways and roads at Tilbury Docks, Essex; a similar 
layout, with the addition of a warehouse, in the German port of 
Bremen; and also the layout of the improvements recently com- 
pleted at the Charles Malan Quay at Port Elizabeth, South Africa. 
Weights and Sections of Rails. 

In the majority of docks in the United Kingdom, main line loco- 
motives and passenger railway stock do not run over the dock 
railway systems except in special circumstances. A notable excep- 
tion is Southampton, which being a passenger port, railway coaches 
pass regularly into or alongside quay sheds, and to the passenger 
terminal. in general, therefore, the usual main line standards 
of perfection are unnecessary in docks, neither are the same sec- 
tions used or weights of rails needed, although permanent way 
railway practice is usually followed in track layout and design. 

From the point, by agreement with the State railway authorities, 
beyond which the main line locomotives, which are much heavier 
than dock shunting locomotives, do not, as a rule pass, the dock 
system of railway tracks is almost universally composed of Flat 
Bottom Rails. Incidentally, it may be remarked that the use, 
on State and other main line railways, ef bull-head rails has been 
practically confined to permanent way in the United Kingdom for 
nearly 100 years, but that following experiments commenced in 
1936 by Mr. W. K. Wallace, C.B.E., M.I.C.E., then Chief 
Engineer of the London Midland and Scottish Railway, the use 
of Flat Bottom Rails was re-introduced experimentally by that 
railway on several miles of track and later by the other three 
Railway Companies. A good deal of information in respect of 
the effects of different weights and types of traffic moving at 
various speeds over the 110 lb. F.B. Rail used, the advantages 
of different types of base plates, rail joints and fastenings, depths 
of ballast and so on, was collected prior to the nationalisation of 
the British Railways. 

As a result, early in 1949, the British Transport Commission was 
able to approve a recommendation of the Railway Executive to 
adopt flat bottom rails as the future standard for British Railways. 
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\ : Designed for grab landing of bulk 
cargoes. We have made a special 
study of the handling of bulk 
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Our Service Depots offer a comprehensive 
replacement and relining service for DON 
Industrial Friction Fabrics. Wherever you 
are, they keep you provided at all times with 
prompt and skilful service. 


BRAKE and CLUTCH LININGS 


NOUSTRIAL SMALL & PARKES LIMITED, HENDHAM VALE, MANCHESTER 9. COLLyhurst 25)1. 
LONDON: 18 HIGH STREET, WIMBLEDON, S.W.1!9 
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SPEGIFY GOODYEAR 
TRANSMISSION BELTING & HOSE 


For longer service 
and lower costs 











F YOU’RE in need of industrial rubber equipment, see what 

50 years’ research and practical rubber engineering can make 

of a product. Take a look at Goodyear hose, for example. You 

will find hoses designed for specialised jobs in a range so 
complete that any requirement can be exactly suited. 

If Flat Transmission belting is setting a problem, the 
Goodyear patent “‘balanced”’ endless-cord method, which does > 
away with the splice and practically eliminates stretch, will — it 
certainly be of interest. Or Goodyear “Thor” Belts, with their oe ee th 
superior fastener-holding qualities, may be the solution. 

The Goodyear V-Belt range is available in two types— 
’ Cotton Cord for short-centre, high-speed work and Rayon cord 
for long-centre, heavy-duty jobs. Whatever your installation, 
Goodyear will give you longer, more dependable service. 
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J THOR FOLDED EDGE BELTING 


Closely woven, hard twist duck provides greatly increased power 
transmission and improved fastener-holding qualities. Folded 
fabric edges give protection against moisture penetration and 
edge-wear. A double coating of rubber between plies makes this 
flexible, tough and thoroughly dependable belt ideal for heavy, 
continuous work in shipyard, dock or engine works. 

















6D corD V-BELTS 


Goodyear V-Belts are of uniform accurate cross-section. The 
load-carrying high-tensile endless cords are in the neutral plane 
of the belt, where they avoid extremes of tension and compression. 





"> WRAPPED PLY HOSE 


This Goodyear Hose is built from high-grade rubber tube 
wrapped in tough rubberized fabric for greater strength. A 
protective cover of bruise- and abrasion-resisting rubber 
assures lasting wear, and scientific arrangement of the fabric 
plies minimizes kinking. 























INDUSTRIAL RUBBER PRODUCTS 


TRANSMISSION BELTING - V-BELTS - CONVEYOR BELTING - HOSE 
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The Lay-Out of Dock Railways—continued 
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Fig. 4. 


Two sections of rails have been designed—ziog Ibs. per yard for 
heavy and fast traffic routes and 98 Ibs. per yard for less import- 
ant tracks, over which traffic is lighter and slower. It is prob- 
able, however, that finality may not yet have been reached as 
regards the types of fastenings now in use on the new main line 
track, and any improvements effected may well be reflected in the 
tastenings and methods employed on dock railways. 

A few words as to the reasons why a return, on main line rail- 
ways, to the Flat Bottom Rail may not be out of place here, as 
it may dispel the impression one sometimes hears expressed that 
there 1s something inferior*in the Flat Bottom Rail system, as used 
in docks, which may have arisen, possibly by implication, from 
the claim that the United Kingdom railway track, composed of 
Bull-head rails, was the finest in the world. 

It is a fact that, a century ago, a flat-bottomed rail was in use 
in this country, but the rail section used had a narrow flange 
which, under the increasing size and weight of rolling stock and 
speeds attained, cut into the sleepers. It is probable that under 
the less onerous conditions obtaining in docks, this rail was satis- 
factory, and the Flat Bottom Rail continued in use there, and with 
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General arrangement of Railway Tracks, Roads and Sheds, Charl Malan Quay, 
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Types of Single Chairs and Fastenings for F.B. Rails. 






Port Elizabeth. 


improvements in section, its many merits for dock work became 
recognised. 

While it is true that with the Bull-head, British railway tracks 
achieved tor many years a world wide reputation for ethciency, 
and during two World Wars carried unprecedented weights and 
density of traffic with equal efficacy, such results were only attained 
under accentuated difficulties and cost of maintenance. This was 
due principally to not only increasing traific density and speeds, 
but to that of maximum axle loads of both locomotives and roll- 
ing stock, and it was early realised that the Bull-head rail lacked 
the necessary stiffness both vertically and laterally which put 
heavy loads on the sleepers and resulted in heavy expenditure in 
labour for ballasting and packing to line and level, a necessity for 
closer spacing of sleepers on heavily worked stretches of track 
and upon replacement of worn and broken fittings. 

The experiments before alluded to, culminating in the adoption 
on British Railways of a tog lb. F.B. Rail for main line track is 
the result of this line of thought. Practically the rog lb. Flat 
Bottom Rail is 59 per cent. stronger vertically and 136 per cent. 
laterally than the old standard 95 Ib. Bull-head rail. While the 
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The Lay-out of Dock Railways—continued 
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NO. 3 SPIKE ANCHOR WITH NO. 2 SPIKE ANCHOR WITH NO. 3 SPIKE ANCHOR WITH 
ROLLED STEEL BASEPLATE SHOULDERLESS BASEPLATE CAST-IRON BASEPLATE 
Fig. 6. The Macbeth Patent Spike for F.B. Rails (with or without 


bearing plates) on timber or concrete sleepers. 

cost ot the heavier rail is higher, there is yet little data available 
as to the length ot life of the new section ot rail on permanent way 
compared with the older and tighter sections. However, there is 
direct evidence that there are major savings in other directions. 
Mr. V. A. M. Robertson, C.B.E., M.C., M.1I.C.E. in his Presi- 
dential Address in November 1949 to the Institution of Civil 
Engineers, stated that ‘‘ each mile of track laid with Flat Bottom 
Rail requires 16,900 fewer components, including fastenings, thus 
requiring less inspection and maintenance, with similar stock- 
keeping and office recording. Moreover, from experience gained, 
flat-bottomed track, owing to its greater stiffness and weight, re- 
quires less maintenance, provided that it is laid over a well drained 
formation with an adequate depth of ballast . . . The changeover 
in the standard of permanent way from bull-headed to flat- 
bottomed track is a major development in railway civil 
engineering.’’ - 

From the foregoing remarks it will be seen that there is every 
justification for the general use of the Flat Bottom Rail system in 
docks, from both engineering and economic considerations. More- 
over, there are other aspects of the F.B. Rail which make it 
particularly applicable in many special situations that will be 
referred to later. 

The weight of Flat Bottom Rail normally used in the docks of 
Great Britain varies between 75 lbs. and 95 lbs. per yard in accord- 
ance with the special requirements of the various Dock and Har- 
bour Authorities concerned. Below is a list of some of the principal 
docks and the sections of rails used by them. 


SECTION 
Port of London Authority ae 75 lb. F.B.B.S. Rev. 
Southampton pe oi = 75 1b. F.B.B.S. & 90 lb. F.B. 
Dover Harbour Board ... vos 95 lb. F.B. & 75)1b. F.B. 
Tyne Improvement Commission 90 lb. F.B. B.S. 
Port of Bristol Authority oa 90 lb. F.B. & 75 lb. F.B 
Ipswich Dock Commission ee 85 lb. F.B. B.S. Rev 
Mersey Docks & Harbour Board 90 lb. F.B. 
River Wear Commissioners... 75 lb. F.B. 
Tees Conservancy Commissioners 75 lb. F.B. & 98 Ib. F.B. 
Admiralty—Invergordon wes 75 1b. F.B. 
Admiralty—Portsmouth aaa 75 lb. & 80 1b. F.B. 


The exact dimensions of the cross-section of each weight of 
rail are laid down by the British Standards Institution. Classi- 
fication revisions were made in 1922 and to differentiate between 
the new specifications and those that remained unaltered the former 
are designated B.S.(R) and the latter simply B.S. The two cur- 
rent British Standard Specifications covering rails are B.S.9, 1935 
Bull-head Railway Rails and B.S.11, 1935 Flat Bottom Railway 
Rails. 

The specifications lay down in detail the composition and sizes 
of all sections of rail in each category, and perusal of the specifi- 
cations demonstrates the meticulous attention given to every detail 
of manufacture which ensures that safety and long service which 
has made British rails a standard by which rails all over the world 
are iudged. 

The following table is reproduced by permission of the British 
Fnoineerine Standards Association, and shows the main particulars 
of British Standard Flat Bottom Rails. 


To this table has been added the particulars of the 109 Ib. rail 
of the British Railways. 

Besides the Flat Bottom Rail, there is anotaer section of rail 
which is sometimes used on internal railway systems where track 
or crossings have to be laid and the road levelled for vehicular 
trathc. This rail is the 126.2 Ibs. section of tramway type section. 
It is compact <nd saves provision for a separate check rail, the 
fittings of which, unless carefully thought out and constructed, 
have a tendency to work loose and, by rising, disturb the road 
surfaces. On the other hand the weight of the rail may be in 
excess of the F.B. rail and guard rail normally used, except where 
the heavier sections are laid whereas there does not seem to be any 
great increase In wearing properties. However, the tram rail has 
been successful in its original application in public highways and 
may well be so in the somewhat different circumstances in docks 
and special cases elsewhere where it is employed. 


Fastenings. 

Where Flat Bottom Rails are laid directly on wood sleepers, 
even though the flange is wider nowadays, there is still a tendency 
for the rail to compress the timber, which results in a gradual 
widening of the gauge and canting of the rail outwards which 
tendency increases with traffic density. 

In all first-class work, therefore, or where heavy traffic is pre- 
valent and F.B. rails are laid on timber sleepers, the rails should 
be fitted with mild steel bearing plates to aid in distributing the 
ioad. These plates are made from ufiversal rolled steel flats, 
7 inches to g inches wide, and 3 inch to ? inch thick (the size used 
depending upon the load carried and weight of rail) and are held 
to the rail flanges either by rivets or by flange clips. The latter 
are usually about 3 inches wide, from { inches to 1 inch thick, 
and are shaped to fit over the rail flange. They are made either 
from rolled steel bar of the required section, or as drop forgings 
or malleable iron castings. Flange clips may be used with bearing 
plates, whether the track is laid on wooden sleepers or on concrete. 
If the former, they are 
holed to take either fang 
bolts or coachscrews, and 
if the latter, rag bolts. 

If bearing plates are not 
fised, that is to say on 
tracks of secondary impor- 
tance, the outsides of the 
rails should be _ double 
spiked. On all curves of a 
+— + ee radius of 7 chains or less, 
| however, bearing plates 
are desirable. 





ofted a, 











| | A [he former practice of 
| Be ‘4 fastening Flat Bottom 
| 7 “se 
Rails to wooden sleepers 
i ¢ *%, “Wa by means of dog spikes 
! i i / impinging on the rail 
Ee ee — flanges, is being gradually 
B.S.No 
J&nominal | A B Cc D E F G H J K t M 
weight 
l io/yd | in 1 te 4 in | mt in. | in | in 1 n | im | in | in | in 
25R | 2% | 2% | I'2 Y4 2%32| 7/ig | 13/64 Ye | Sie | He) Ya | Thr 
30R | 3% | 3 15/a | '%ea | | 18/32) 1'%7eq | be ra 
35R | 33/8 | 3Y%e | 1/4 | 2464) 1342 | Yo |Ieal es “ is se 
4OR | 35/8 | 3¥2 1% | 234 1 %ea | 17/32) 1 33/8 ~ | ¥e | %/32/| "/32| 9 
45R | 3%8 | 3% | 17/32 | 37a | 17%32| Well3%ea| cs Ne 4 . 
SOR | 4% | 3'/e| 26 | 2/64} |'%/ea| '%32/123/42! 5/32!) ,, , 
S5R | 45/6 | 48 | 25/32) 2%) 1'/32! 5a |i5¥ea) .. | 
60R | 442 1456) 2'/4! “Ae | I'3/s2/ 232/178 | | sy “ ~~ 
65R | 4'6) 47/6 | 25/6 | 5/32 | 12%eal 7/16 | 13/32) 4, | Ze! a | Fe | 12 
7OR | 47% | 45/g | 23/6) v2 |I'/2 | 23/32/23/64| ,, = * so . 
75R | S'6 | 4'3/6) 27/16 | 33/64!) 1 2/6 | 47/64! 2 '/a 6} 4, . a 
BOR | 5% | 5 2'/2 | '7/32 | 13%4| 4%4| 2'3/e4| a a Sis) en 
85R | 57/6 | 53/6 | 22/6) 35/64 | 143/64) 25/32| 29/32! =, i” a a sa 
9OR 55/e | 53/a | 25/a | 36a 123/32! 13/6 | 223/64] ». |Y2 |% » | 15 
O5R | 5!%6| 596) 2'Vie Me | 12/32) $364) 27/16) _., | ss * wl 
1OOR | 6 53s | 27/4 | %ie | 12732) 27/3212'/2 | 77/32) .. eS as 
1OSR | 6¥8 | 5% | 2'8/6| 3%ea | 15%a| %e |2%s | . | | | ol 
lOOR | 64 | 5'/2 | 234 | Ya | '8/16| 136 | 2% | Ye » | Me! Se | 
1FOR| 6'/4/6 = |27/8 | '%32 12%32| 2942|25/a | %2 | %ie | ¥e | 3/3 
ISR | 6¥e| 6% | 2'%e | 2%a 15/6) 5/6126 | | we | oe | - 
POR 1 6421642 13 8 18364) 61/64! 247/64 Ss ji 








(¢ 





deems «4 - woece 


May, 19:2 





re] 


m 
bi 
la 


nd 


the 
ad, 
ad 

in 
pre 
ny 
las 
nd 
ks 


“= 


rT 


May, 1952 





THE Dock AND HARBOUR AUTHORITY II 


The Lay-out of Dock Railways — continued 
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FITTING WITHOUT BASEPLATE 


Fig. 7. 


replaced by the use of flange’ clips with coachscrews or fang boats. 
Within the last tew years, however, British Railways have adopted 
the practice of laying Flat Bottom Kaiis on canted bearing plates 
(canted I in 20), which are fastened to the sleepers either by 
elastic ’’’ spikes, by the ‘‘ Macbeth ’’ two-prong spike, or by 
spring steel clips and tee-headed bolts recessed into the chairs with 
independent holding down coachscrews. 

Fig. 5 illustrates the principal types for chairs and fastenings 
for F.B. rails. There are other forms of spikes such as those with 
jagged edges and twisted shanks, but it is doubtful whether any 
advantage is secured by their use. Two well-known forms of 
flexible steel spike are the ‘‘ Macbeth ’’ patent spike and the 
‘“‘ Elastic ’’ spike, these being shown in Figs. 6 and 7. The latter 
is the original rail fastening designed to absorb vertical rail move- 
ment so that such rail movement does not withdraw the Spike 
shaft from the sleeper. The head of the Spike flexes under wave 
motion of the rail and -constantly maintains pressure on the rail 
base; rail creep is thus resisted in either direction. The Spike is 
laminated in order to give ample flexibility with low stress. 

The Spike is made from one piece of silico-manganese steel bar, 
suitably formed to give a laminated shaft and head 3-in. square, 
then hardened and tempered. It is driven until the head of the 
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Pneumatic Breakwaters 


By A. H. LAURIE, M.A. 

(Formerly Assistant Scientific Officer, Royal Research Ship Discovery II) 

In the year 1906 an American, Philip Brasher, had occasion to 
travel frequently by ferry between New York and Long Island. 
Tunnelling operations were in progress, and he was struck by the 
appearance of air bubbles in large quantities escaping from the work- 
ings and rising to the surface of the water. The effect which 
most intrigued him was that, where the bubbles came to the sur- 
face, there was a marked reduction in the height of waves and 
swell. It was not long before Brasher began to put his observa- 
tions to good use, and U.S. Patent No. 843926 of 1907 in his 
name contains a specification for ‘‘ Protecting Objects from Water 
Waves ’’ by means of a controlled flow of compressed air from 
a submerged pipeline. The essence of the idea was that the inter- 
position of compressible matter, in the form of air bubbles, would 
serve to dissipate the kinetic energy in the water particles of a 
wave of oscillation. As will be shown below it is probable that 
undue emphasis was placed on the function of bubbles as com- 
these 


pressible ‘‘ cushions ’’; however, the first installation along 
lines, for the Standard Oil Co. of California, appears to have 


Deen a success. 

The object of the installation was to protect an oiling jetty at 
E| Segundo, near San Pedro, which had already suffered storm 
damage. A pipeline 320-ft. long by 4-in. diameter was laid on 
the sea bed off the end of the jetty in a depth of 30-ft. The pipe 
carried nozzles }-in. diameter at 6-in. centres, and was connected 
to a pair of compressors each rated at 1,000 c.f. per min. (free) 
and located at a distance of two miles. A contemporary account 
(Compressed Air Magazine, May, 1916) gives the probable output 
at the nozzles as not more than 1,500 ¢.f./min. The same source 


FITTING WITH SINGLE 
SHOULDER BASEPLATE 


Elastic Rail Spikes. 


Spike makes contact with the rail foot, and thereafter a further 
amount, normally a maximum of ;%;-in., which flexes the head of 
the Spike and puts proportionate pressure on the rail base. When 
the Spike head is deflected };-in., a resultant pressure of about 
800 lb. is put on the rail base and, since all Spikes are driven a 
uniform amount, it follows that creep load in either direction is 
carried equally by all sleepers. 

Those for use without base plates or with single shoulder base 
plates have a twisted head. Equal numbers of right and left 
hand twisted spikes ensure correct pressure. The straight spike 
is used with double shouldered base plates—usually six spikes per 
sleeper. 

British Railways are using “‘ Elastic ’’ spikes with rolled steel 
or cast iron base plates on those sections of track which are being 
relaid with the now standard flat bottom rail, and they are being 
adopted by many dock and industrial undertakings. Thev are 
also used by railways in Africa, Australia, New Zealand, South 
America and on the continent of Europe. The principle makers 
of the ‘‘ Elastic ’’ spike are the Elastic Rail Spike Co. Ltd., 
London, Messrs. Thos. Summerson and Sons, Ltd., Darlington, 
and Messrs. Thos. W. Ward Ltd., Sheffield. 

(to b 


ntinved 


tells of the behaviour of the apparatus during a storm in the winter 
of 1915-16 when 12-15-ft. waves approaching the jetty collapsed 
on reaching the zone of bubbles. 

Some space has been given to a description of Brasher’s installa- 
tion because it appears to be the only one which was successful, 
and which demonstrated the feasibility of the process. Other 
trials were made on the Atlantic Seaboard which seem to have 
been inconclusive and the enterprise appears to have foundered. 

The present writer, having conceived the same idea from a diffe- 
rent standpoint, has been at some pains to determine the reasons 
both for the success of the Californian installation and for the 
failure of other projects both in America and in other parts of the 
world where the subjugation of waves by means of compressed 
air has been attempted. As a result it appears that the design of 
a satisfactory and economical breakwater hinges on (1) efficient 
compression and distribution of air, (2) an appreciation of the 
function of the air in breaking down wave motion, and (3) an 
understanding of the nature of wave motion inshore and of limiting 
factors which determine the location of the airline. 

A simple calculation shows that the bubbles as such play a 
small part in providing ccmpressible cushions in the path of wave 
motion. Bubbles emitted from the half-inch nozzles of the Cali- 
fornian prototype had a diameter of approximately 4-in., and it 
is unlikely that individual bubbles were formed so much as a 
continuous column of air from jet to surface, travelling at high 
velocity. Since it is not easy to assess the behaviour of the air in 
these conditions, it is more convenient to imagine the same out- 
put of air released in the form of small bubbles whose speed of 
ascent is known. 

Suppose the same volume of air, 15 c.f. per yard per min. were 
discharged as small bubbles which rise from 30-ft. to the surface 
at a mean velocity of 0.83-ft. per second. The volume of bubbles 
present at any given moment in still water would be 7.5 per cent. 
of the zone in which the curtain of bubbles operated. 
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Pneumatic Breakwaters—continued 
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Plan and elevation of mobile pneumatic breakwater. 


This is, however, an imaginary condition, since the presence of 
the bubbles reduces the density of the water column resulting in 
an upward thrust of approximately 1.1 Ibs/sq. in. Thus an air 
lift is created which brings about a vertical and upward movement 
of the water. Now suppose that acceleration and friction balance 
each other at a velocity of 3-ft./sec., the volume of air in the 
column, allowing for the speed of ascent of the bubbles in the rising 
water, will be about 1.6 per cent. It can hardly be supposed that 
such a volume of air would present a sufficient surface of compres- 
sible material to absorb and dissipate the energy of a wave. 

It appears therefore that the principal function of the bubbles 
is to create an air lift, whereby a steady stream of water is main- 
tained. The destructive effect on waves of a cross current is well 
known and can be observed where a tidal 


The nature of the changes in shallow water is too complicated to 
enlarge upon here, but it may be said that the path and velocity 
of water particles are modified in such a way as to make them less 
susceptible of inteference by cross currents of low velocity. 

It appears to be no accident that the only successful attempt 
to reduce waves by compressed air coincided with the placing of 
the airline at a depth of 30-ft. It is equally likely that other 
attempts have failed, assuming correct technique and air output, 
because, so far as the writer can ascertain, they were made in 
shallow water, or near the mouth of a tapering inlet which wouid, 
roughly speaking, create conditions similar to that of shoal water. 

To sum up, a Pneumatic Breakwater must provide an efficient 
air lift, in which the work done in compression is recovered as far 
as possible in useful water movement throughout at least the top 
30-ft. of water, while the Breakwater must not be located inshore 
of the five fathom line. 

The principal elements of design in a modern system now being 
patented are: the air distributor line is composed of rigid 
sections with flexible couplings at each end. Each section is 
arranged to have slight negative buoyancy when delivering air, 
and is held at the correct depth by suspension from a float, which 
also serves to mark the position of the Breakwater. The airline is 
perforated with many small holes to provide a dense curtain of 
bubbles, the spacing of the holes being such as to allow the bubbles 
to expand as they rise without coalescing. Moorings are provided 
for each section and the weight of chain and capacity of the float 
are adjusted to allow the airline to sink when flooded (i.e. when the 
compressor is not working) to a convenient depth to allow the 
passage of ships. Another design, for use in deep water, provides 
for a free-floating and mobile air line, suspended as before from 
floats, which by incorporating water lines and an elementary system 
of jet propulsion can be made to take station in any desired position. 

The compressor is unconventional. It must produce large volumes 
of air at low pressure. The machine must be reliable to a degree, 
and capable of standing idle for long periods in a marine climate 
without deterioration. It should be capable of pumping air and a 
moderate volume of water at the same time for the operation of the 
free-floating type of Breakwater mentioned above. It should also 
be simple to start and stop. 

In order to satisfy these unusual demands, the design makes use 
of one of the simplest internal combustion engines, the Humphrey 
Pump. This was designed by its late inventor primarily for iifting 





stream traverses the path of waves in the 
open sea, or in the wake of a ship, where 
the turbulence of the slipstream temporarily 
kills wave motion at the surface. Wave 
motion can in effect be broken up by a 
change of velocity in the water which is of 
the same order as the particle velocity of 
the wave. Thus it seems that an important 
element of design concerns the propagation 
of small air bubbles whose rate of ascent in 
the moving column of water is slow, leading 
to the maximum useful “life ’’ of the air 
before it reaches the surface. 


The limiting factor in the placing of a 
Pneumatic Breakwater concerns the nature 
of waves. Wave motion in open deep water is 
the sum of the movement of individual water 
particles which at the surface describe a 
circle whose diameter is equal to the height 
of the wave. The diameter diminishes with 
depth and is held to be insignificant at about 
30-ft. It follows that any device which aims 
at disrupting wave motion should ideally 
operate throughout the 30-ft. range. It also 
follows that where the total depth of the 
water is less than 30-ft., changes in the nature 
of wave motion are taking place which on 
a shelving beach result in conversion from 














waves of oscillation to wave of translation, 
and lead ultimately to the wave’s breaking. 


Artist’s impression of pneumatic breakwater protecting an exposed shore. 








May, 








5 
) 
} 






3 
4 
i 
; 
; 
: 


May , 


1952 


water, but, as he himself foresaw, it can be adapted to compress air. 
These pumps combine the prime mover and pump in one unit, the 
pistou-cum-flywheel is water, and the mechanical efficiency has been 
rated at 98 per cent. Their thermal efficiency is high, and there 
are no moving parts except for simple valves. Their rugged con- 
struction make them suitable for the duty which is envisaged. 

The design aims at using a pump which will produce about 10,000 
c.f./min., at 32 lb. A., and advantage will be taken of the fact that 
their efficiency is much the same at half load as at full load to 
double the safety factor by providing them in duplicate. 

It is anticipated that the principal scope for Pneumatic Break- 
waters wil] be in exposed situations such as open roadsteads, and 
for this purpose the pumps are mounted in a barge. The barge 
is moored in the lee of the Breakwater, and need not be designed to 
carry the considerable deadweight of the pumps when working. 
The pumps’ construction enables them to be lowered into the water 
and locked in a position where their own buoyancy relieves the 
barge. Return of the pumps inboard for maintenance, drydocking, 
etc., is effected by blowing down the contained water when the 
pumps will rise into the hull. 

In cases where the Pneumatic Breakwater supplements existing 
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harbour works the pumps will more economically be housed on land 
or on a breakwater. 

The following uses for Pneumatic Breakwaters are anticipated. 

Fixed Installations : Extension of existing breakwaters. Protection 
of harbour mouth. Temporary protection for harbour construction. 
Salvage. Improvement of lifeboat launching sites. Provision 
of landing strips for flying boats. Control of coastal erosion, in 
which wave control is effected without diversion of tidal streams. 
Improvement of open anchorages for lighterage. Increased amenity 
at seaside resorts. 
Mobile Floating Types : Protection for stationary ships on specialised 
work, such as oceanographical and cable vessels, and weather ships. 
Protective screen operated by a salvage vessel to minimise damage to 
a stranded or drifting ship. 

Cost : The first cost of a Pneumatic Breakwater is expected to vary 
between {35 and {50 per yard, complete, according to the site. 
Unlike the conventional breakwater the cost will in the main be 
independent of depth of water. 

Operating costs per hour of actual working will be dominated by 
local fuel prices. A provisional figure of a halfpenny to three 
farthings per yard per hour is suggested. 








Water Intake for Coryton Oil Refinery 





Details of Methods of Construction 


. 


N the successful operation of an oil refinery, one vital factor 
I is adequate cooling water, both for the power station and for 

the process plant. This problem has been solved in the case 

ot the Coryton Refinery of Vacuum Oil Company Limited by 
obtaining the necessary water from the nearby Thames Estuary, 
the structure to house the pumping machinery having been built 
at Gravesend and Tilbury, after which it was towed for a distance 
of about eight miles down the Thames to its final position at Cory- 
ton. This structure is a large reinforced concrete caisson which 
rests on a previously prepared bed in the river. 

The practice of employing reinforced concrete caissons for 
various kinds of foundations is, of course, a well-established civil 
engineering technique, but it is exceptional for such a structure, 
weighing 4,200 tons, to be towed a long distance from its place 
of construction to its final site. The design and construction has 
been carried out by the British firm of Civil Engineering Con- 
tractors, John Laing and Son Limited, on behalf of The Lummus 
Company Limited, of London and New York, the Principal Con- 
tractors for the Coryton Refinery. 

There is a similarity in the type of construction between the 
caisson for Coryton and the ‘‘ Mulberry ’’ Harbour Breakwater 
Units constructed during the war, and experience gained under 
the stress and difficulties of wartime conditions has been put to 
very good use in the solution of a peace-time problem. Alter- 
native designs were carefully considered before selecting the most 
suitable type of construction. More conventional methods were 
abandoned for various technical reasons and because of local 
conditions and the problem of the speedy delivery of essential 
materials. 

For the purpose of construction, it was necessary to find a dry 
dock in which the bottom portion of the caisson could be con- 
structed to a height governed by the depth of water available, 
subsequent lifts of concrete being added later in a wet dock. 

\ dry dock was obtained at Gravesend, which could be adavted 
to provide a firm base for the structure. This dock is at the Red 
Lion Wharf and the first stage of the preparatory work was to 
close its entrance with a ballast-filled sheet piling dam able to 
withstand the water pressure due to the full tidal range. A level 
concrete screed was then laid in the bottom of the dock and. fol- 
lowing ‘‘ Pheonix ’’ unit procedure, hollow tiles were placed on 
this, covered by a laver of building paper, uvon which the floor of 
the caisson was laid. The partially constructed unit was floated 





off the hollow tile base without any difficulty when water was 
admitted to the dock at high water of a spring tide. 

Concreting of the floor and side walls proceeded in this dock to 
a height of 12-ft. 6-in., the concrete mixers being located along- 
side the dock. Eighteen 6-in. valves were built into the lower 
part of the walls to control the flooding of the unit for ballasting 
purposes. The caisson was tested for watertightness by filling it 
with water and waiting for the tide to fall, this being carried out 
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at the stage when the unit had been finished to the 12-ft. 6-in. 
level and the sheet pile closure dam had been removed. In spite 
of a month’s delay due to steel shortage, the work at Gravesend 
was completed in four months. 

With reference to the accompanying typical section, the lower 
portion of the caisson which was constructed at Red Lion Wharf, 
Gravesend has been coloured black. 

The structure had an overall length of 1too-ft. and a width of 
53-ft., and was divided into six main compartments; the external 
walls were 1-ft. 6-in. thick and there were three longitudinal walls 
g-in. thick, and nine transverse walls of the same thickness below 
the bottom floor slab which was 20-ft. above the base. The total 
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Water Intake for Coryton Oil Refinery—continued 

















The internal structure of the unit. 


height of the unit when it left Tilbury was 52-ft. 6-in., the struc- 
ture having been erected in litts ot 2-ft. and the final two litts 
with the deck were added when the unit was in place at Coryton. 
It will be noted that there are longitudinal and cross braces 13-in. 
wide, the Tower ones being 32-in. deep and the upper ones having 
a depth of 18-in. 

On November 30, the partially completed unit was towed across 
the river from Gravesend to Tilbury by three tugs, one on each 
side and one in front, the structure having been provided with the 
necessary towing connections. On arrival at the wet dock at 
Tilbury, where it occupied a liner berth, the unit was surrounded 
completely with a floating boom to protect it from drifting craft, 
and the joiners and steel fixers were able to work from this boom, 
concrete being poured from scaffolding inside the now floating 
unit. Each lift of concrete in the walls was 2-ft. high, and for 
the first five lifts the above procedure was adopted. Water bal- 
last was introduced from time to time in order to keep the shutter- 
ing within reach of the workmen on the floating boom. 

The floating boom was constructed of 12-in. x 12-in. main 
timbers 3-ft. apart. Forty-gallon oil drums were fixed securely 
between these timbers and diagonal bracing and timber decking 
laid on top. The boom floated with about 9-in. of freeboard and 
was quite stable. 

The amount of water ballast to be introduced into the lower 
compartments to maintain the unit at a convenient level for con- 
creting, was calculated for each lift, bearing in mind that the new 
concrete must not be allowed to go under water until it was of 
sufficient dtrength to resist the external water pressure. As 
construction proceeded, great care was taken to prevent listing by 








Photograph of unit taken a few hours before leaving Tilbury Docks. 


suitable adjustment of ballast, and the draught was carefully 
checked every day by reading draught markings at each corner, 

Ballast concrete in the lower compartments was introduced 
during the construction at Tilbury and after the unit had been 
built to a height of 4o-ft. 6-in. ihe amount ot ballast concrete 
required to maintain a metacentric height ot not less than 5-it. 
was Calculated tor each lift. 

When construction reached the total height of 30-ft. all water 
ballast was removed and a bracketed scattoid erected around the 
caisson. Concreting was continued thus until the twenty-second 
lift was reached, when 600 tons of 15 : 1 lean concrete as ballast 
was placed in the bottom of the caisson below the lower floor, 
to ensure that the caisson had its designed draught of 29-ft. when 
towed to Coryton. At this draught the unit had the necessary 
stability for the towing operation. This deep draught is greater 
than that of many large liners. 

Shuttering for the concrete walls was made of light timber units, 
prefabricated in the central joinery works of the contractors, each 
unit being 2-ft. deep and varying in width from 2-ft. to 6-ft. 
according to its position in the structure. The predetermined 
water/cement ratio in the concrete was carefully maintained and 
an average cube compressive strength of 6,000 Ibs. per square 
inch at 28 days was achieved. The concrete was vibrated by 
power type immersion equipment. Tubes for grouting under the 
caisson had been set in position in the structure to fill in any 
irregularities in the prepared bed at Coryton. 

Since the caisson during construction at Tilbury was a floating 
structure, it was not possible during this period to use instruments 
for setting out, and reliance was therefore placed on measurement 
alone from base lines on the structure itself. 
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Photograph of unit approaching Coryton. 


An opening on one side of the caisson was left and temporarily 
closed by steel sheet piling, which was removed at Coryton to 
allow space for the steel grids which prevent entry of obstructions 
to the pump inlets. 

Twelve No. 2}-in. diameter ‘‘ U ’’ type towing bars were cast 
into the walls of the caisson about 5-ft. above the final water level, 
and the unit was towed from Tilbury to Coryton by four tugs, 
one ahead, one astern, one port and one starboard. 

A framework of timber piles and timber bracing was provided 
at the sinking site, and a bolster barge was moored to this frame- 
work. A timber template on which the required position of the 
unit had been marked was fitted on top of the bolster barge, and 
the unit was manceuvred into position by the tugs, assisted by 
four winches on the shore, and was sunk within the tolerance 
specified. 

Stone ballast in the lower compartments was introduced at 
Coryton. The amount required being calculated to ensure that 
the caisson would not refloat during the completion of the intake 
construction. 

A steel structure on box piles has been provided, designed to 
carry a number of large pipes, including three of 42-in. and three 
39-in. diameter, from the concrete intake to the shore. A rein- 
forced concrete roadway, carried on steelwork and box piles, gives 
access to the shore from the eastern end of the unit and encloses 
it on three sides. This structure, together with a structural steel- 
work and piled extension at the western end, also serves to pro- 
tect the unit and pipe bridge from damage by drifting craft. 
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CHEAPER HAULAGE 


The benefits of diesel loco haulage are to be observed readily, at 
industrial works’ sidings, harbours and docks, etc., in countless situa- 
tions throughout the world. Clean and economical running, easy 
maintenance — low costs, no stand-by losses, always ready to get on 
with the shunting job from cold, and ready to demonstrate fuel 
economy. These sum up the Ruston diesel shunting locomotives— but 


may we send you more details? 


AVSTON diesel locos 


R U S$ T O N & HORN S B Y tt @ . Linc OLN 
Associated with DAVEY, PAXMAN & CO. LTD - COLCHESTER 
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The new Display Console 
can be opened for inspection 
in a moment. Every valve and 
component becomes instantly 
accessible. 


. The interior of the Main Rack is illuminated auto- 
F OSSOY Vi aAYine 0 adar matically when the door is opened. Built-in meter and 


jack plugs make valve readings quick and easy to carry out. 











Enquiries should be addressed to: 


COSSOR RADAR LTD., COSSOR HOUSE, HIGHBURY GROVE, LONDON, N.5 CANonbury 1234 (30 lines) 
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MODERN FEATURES 
NEW TECHNIQUES 
HIGH OUTPUT 


THEY BRING IN PROFIT WHEN 
OPERATIONS ARE NON-STOP AND 
MAINTENANCE COSTS ARE LOW. 
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Bucket Dredger 
loading a barge 
in the Solent, 
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DREDGING 
PORT OF 
SOUTHAMPTON 

1950—51 


View of reclamation areas alongside 
Southampton Water. 


The largest dredging contract in 
the history of the Southampton 
Harbour Board has recently been 
completed by this Company, 
involving the dredging and dis- 
posal of 3,610,000 cubic yards 
of material within a period of 
14 months. 


Invitations to tender for dredging 
and reclamation schemes of 
greater or lesser magnitude, in 
any part of the World, will receive 
our prompt attention. : 





Jetty carrying pipeline from barge unloading Suction Dredger into reclamation area ashore. 


Tu Drepewnce Construction @ 1 


On Admiralty, Crown Agents for the Colonies, War Office, Air Ministry and Ministry of Works Lists. 


9, NEW CONDUIT STREET KING’S LYNN 


TELEPHONE : KING’S LYNN 3434 & 5 TELEGRAMS : DEDECO, LYNN 
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Elements of Wave Theory 





Problems Affecting Coastal Engineering” 





By R. L. WIEGEL and J. W. JOHNSON 


Respectively, Institute of Engineering Research, and Division of Mechanical Engineering, University of California, Berkeley, California. 





Introduction 


The first known mathematical solution for finite height, periodic 
waves of stable form was developed by Gerstner (1802). From 
equations that were developed, Gerstner (1802) arrived at the 
conclusion that the surface curve was trochoidal in form. Recent 
experiments (Wiegel, 1950) have shown that the surface profile, 
represented by the trochoidal equations (as well as the first few 
terms of Stokes’ theory), closely approximates the actual profiles 
for waves travelling over a horizontal bottom. However, the 
theory necessitates molecular rotation of the particles, while the 
manner in which waves are formed by conservative forces necessi- 
tates irrotational motion. 

The problem of the maximum steepness (the ratio of the wave 
height to its length) that a wave could attain without breaking was 
worked on by Stokes (1847), Michell (1893), and Havelock 
(1918). Their conclusions were in close agreement. A crest angle 
of 120 degrees, or a steepness of H/L=0.142, was found to be 
the theoretical limit. 

Recently, many field and laboratory studies, as well as analyti- 
cal studies, have been made. These observations, together with the 
mathematical studies, lead to the conclusion that Stokes’ irrota- 
tional theory represents the natural phenomena more closely than 
the other theories. : 

Waves in nature vary considerably in height and period over a 
relatively short length of time at any point of observation. In a 
generating area, the wave characteristics show the maximum 
variability; however, even after the waves have passed into a region 
of relative calm, considerable variations in wave characteristics 
exist. In theoretical problems, such variability cannot be treated 
mathematically and certain idealised conditions must be assumed. 
Accordingly, the first step in the analysis of oscillatory waves is 
to study the behaviour of single wave trains of uniform period 
and amplitude as they progress in water of constant depth. Present- 
day wave theory deals with periodic waves of stable form in which 
all elements of the wave profile advance with the same velocity 
relative to the undisturbed water. 


Waves of Small Amplitude 


If waves are of small amplitude compared to their length and 
to the depth of the water, the wave profile closely approximates a 
sine curve. The equation for motion (Lamb, 1932), considering 
both gravity and surface tension, is : 


C?= (gL /27+278/pL) tanh 2xd/L (z) 
For water deeper than one-half the wave length, tanh 2rd/L is 
almost equal to r and the equation reduces to : 
C,?=gL,/2m + 22 8/p L, 
where C=wave velocity 
6 =surface tension 
p= density 
d=depth of water 
Fig. 1 shows the relationships between wave period, wave 
velocity, and depth of water. Fig. 2 shows the relationships of 
wave period, wave length and depth of water. 
Surface Profile. The surface curve for waves of small amplitude 
as given by this theory is the sinusoidal equation : 
y=(H/2) cos 27(t/L—x/L) 
where H=wave height 
t= time 
x = horizontal co-ordinate 
L=wave length 


(2) 


(3) 

















“Excerpts from Paper presented at First Annual Conference of Coastal 
Engineering held at Long Beach, California, 1950. Reproduced by 
kind permission. 
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Orbital Motion. The motion of the individual particle is 


elliptical (Fig. 3a). a 

Energy of Waves. The kinetic energy per unit width (along the 

crest) for a wave is the summation of the kinetic energy of the 

particles in motion. For a wave of sinusoidal form in deep water, 
E 


this is given by, 
, = WL,H,?/16 (4) 


The potential energy per unit width for a wave is computed from 
the elevation or depression of the water from the undisturbed level 


and is given by, 
E, =wL,H,?/16 (5) 


It can be seen that half of the energy of a wave is kinetic and 
half potential. The total energy is expressed by, 


E=wL,H,?/8 (6) 
which, when combined with Equation L,=g’T?/s™ gives, 
E=weT"H, 2/162 (7) 


where E ,=mean kinetic energy of wave per unit length of crest 
per wave. 
E, = mean potential energy of wave per unit length of crest 
per wave. 
w=unit weight. 
T=wave period. 


Sub-Surface Pressures. With the development of the pressure 
type wave recorder (Folsom, 1949; Isaacs and Wiegel, 1950), it 
became necessary to utilise the equations for pressure at any point 
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beneath the water surface. The solution (Lamb, 1932) for an in- 
compressible, nonviscous fluid is, 

K=[cosh 2rdL(1—z/d)]/cosh 2nd/L (8) 
where K, the sub-surface pressure response factor, is the ratio of 
the pressure at any depth z below the water surface and the pres- 
sure at the surface. The ratio of the distance below the surface 
to the water depth is known as the proportional depth. This can 
be represented in dimensionless form as shown in Fig. 4. Tabulated 
values have been published by the Beach Erosion Board (Wiegel, 
1948). Experiments (Folsom, 1947) show that this approximates 
the case for waves of finite height. However, for waves of finite 
height, the measured pressures were about ten per cent. lower than 
the theory (for very small waves) predicts. 
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Waves of Finite Amplitude 


Experiments (Beach Erosion Board, 1941; Morison, 1951; 
Wiegel, 1950) have shown that the equations for waves of small 
amplitude continue to be valid, as far as engineering applications 
are concerned, for waves of appreciable height. 

Trochoidal Theory—Infinite Water Depth. The _trochoidal 
theory (Gerstner, 1802), the first theory to be developed for waves 
of finite height, is often used for engineering calculations. One 
reason for its use is the ease with which the equations may be used. 
It appears to represent the actual wave profiles as well as actually 
satisfying the pressure conditions at the surface and the continuity 
conditions. However, it requires rotation of the particles and does 
not predict any mass transport in the direction of wave propaga- 
tion, while observations (Mitchim, 1940; Beach Erosion Board, 
1941) show that there is mass transport. This theory, developed 
for waves in. water of infinite depth, has been well presented by 
Gaillard (1935). 

The equations of the surface profile (Fig. 5a) are, 


x=RO6-r sin 0 (9) 
y =R—r cos 8 (ro) 
where R=radius of rolling circle. 


6 =angular displacement. 
r=radius of tracing circle. 


It can .be seen that the wave length, L,, is equal to 27R, while the 
wave height, H, is equal to 2r,, where r, is the value of r for the 
surface orbit. Thus, the crest is more than half the wave height 
above the undisturbed water level, while the trough is less than half 
the wave height below this level. Experiments performed by the 
Beach Erosion Board (1941) verify these relationships. It should 
be noted that they verify the results of the theory of Stokes (1847) 


as well. 
~<-—— DIRECTION OF TRAVEL 
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The paths described by the water particles during one cycle are 
circles with the radii decreasing exponentially with depth (Fig. 5b). 
The energy of the wave is equally divided between kinetic and 
potential, with the total energy being, 
E=wL,H,?[1— 1/2(7H,/L,)?]/8 

Trochoidal Theory—Finite Depth. The trochoidal theory as 
extended to water of finite depth has been presented by Gaillard 
(1935) and is widely used. There appears to be no published 
mathematical work which substantiates the conclusions presented 
by Gaillard (1935). Perhaps the facts that (a) the wave velocity, 
orbital velocities and wave shapes as represented in the trochoidal 
theory were the same as those in the theory of Airy (1845) for 
waves in deep-water, and (b) other equations of the trochoidal 
theory reduced to those of Airy (1845) for small amplitudes led 
Gaillard (1935) to examine the similarities between equations from 
a reduced (elliptical) trochoidal theory and the Airy (1845) theory 
for waves in finite depth. The equations of wave velocity, and 
orbital velocities and shapes as obtained from the reduced 
trochoidal theory are the same as those of Airy (1845) for shallow- 
water waves and for small amplitudess Other reduced trochoidal 
equations are almost identical to those of Airy (1845). However, 
the reduced trochoid theory does not satisfy either the conditions 
of continuity or dynamical equilibrium except at the trough and 
crest (Gaillard, 1935) and hence, this theory, although widely 
used, is mot sound. 

Gaillard (1935) states that a shallow-water wave differs from a 
wave in very deep water in that the particle paths are elliptical 
rather than circular, with the eccentricity of the ellipses depending 
upon the ratio of the wave length to the depth of water. For a 
particular length of wave, the eccentricity increases with decreasing 
water depth so that, in very shallow water, its particle paths are 
nearly horizontal lines; while the orbits decrease in size with in- 
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Elements of Wave Theory—continued 


creasing distance below the undisturbed water level with the vertical 
.xes decreasing at a more rapid rate than the horizontal axes until, 
+ the bottom, the vertical motion is zero and the particle moves in 
, horizontal line. The angular velocity is not constant, but 
createst in the vicinity of the trough and crest. It should be noted 
that this theory predicts that the velocity at the crest of the orbit is 
‘he same as the velocity at the bottom of the orbit. Recent experi- 
ments performed in the wave channel at the University of 
California, Berkeley, show that this is mot true. The actual crest 
velocities are greater than the trough velocities. 








The following equations, describing the reduced trochoidai sur- 
face, were developed and presented by Gaillard (1935) (Fig. 6), 


x=RO-a'sin 0 (11) 
y=b'cos @ (12) 
The velocity of propagation is, 
C?=gLb */2za .'=gL (tanh 27d/L)/2z (13) 
The equations for the semi-axes of the orbits are, 
b'=1/2H[cosh 27(d+z)/L]/sinh 2xd/L (14) 
a!'=1/2H[sinh 27(d+z)/L]/sinh 27d/L (15) 
and the ratio of the semi-axes is, 
b’ =tanh 27(d+z)/L (16) 
a! 


The total energy of the wave, which is one-half kinetic and one-half 
potential, is 


Fig. 6 


moving forward (i.e., mass transport). This is shown in Fig. 8. 

The most interesting result of the theory of Stokes (1847) shows 
that by not neglecting the effect of height (the velocity of a particle 
depends not only upon its mean position, but also upon its dis- 
placement from its mean position) it is shown that the particle 
velocity is greater in its forward movement (with the crest) than 
in its backward movement (with the trough). Laboratory experi- 
ments performed at the University of California, Berkeley, confirm 
this conclusion. This results in the fact that the forward motions 
of the particles are not altogether compensated by their backward 











b. 


motions. Hence, in addition to their orbital motion, there is a 
progressive motion in the direction of propagation of the waves. 
The orbits are open, not closed (Fig. 8). This motion has become 


known as “‘ mass transport ’’ and is given to the second approxi- 
mation by 

. : cosh4z(d.+z)/L 

ha L)* cf sinh?2nd/L ] (19) 
For deep-water, this becomes, 

U,= (7H,/L,)? C,e4%z/L (20) 


where U=velocity of mass transport. 
which is identical with the equation expressing the horizontal velo- 
city remaining (due to rotation) after wave motion has been 
destroyed in the rotational trochoidal theory. In other words, in 
order for a wave of finite height to exist, it is necessary for this 
additional velocity to exist. In the trochoidal theory, it is in the 
































7 —wlLH?2(1—MH2/L 2)/8 17) ‘ 2 : : . 
E=wLH?(1 1H | ) (17 form otf molecular rotation (which is not substantiated by observa- 
where M, the energy coefficient, is tions) of particles moving in a closed orbit, while, in the irrotational 
M=72?/(2 tanh? 2zd/L) (18) theory, it results from particles moving in an open orbit (which is 
Irrotational Theory. The irrotational theory for ~~ an 
waves of finite height in water of uniform depth wil 
. : SR a ) 
was developed by Stokes (1847), Rayleigh (1877), ° 
. . es ~s os - “= aa } ° | 
Siruik (1926), and Levi-Civita (1925). _Experi- 105 | yolks - 8p ene i 7 
mental evidence substantiates the conclusion that o = | | 
this is the theory which most nearly represents | |!0 | —— Pr ae 
ac tual wave motion. , 095 C+ THEORY (AIRY), SMALL AMPLITUDE | el * : | 
Stokes (1847) found, to the second approxima- 95> THEORY (STOKES), FINITE AMPLITUDE | él - 





tion, that the velocity of wave propagation 1s hie | 
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independent of wave height and is the same as the 1 02 
theories of Airy (1845) and Gerstner (1802). 


(o) EFFECT OF WAVE STEEPNESS IN DEEP WATER 
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Fig. 7 shows experimental values compared with 
theoretical values (Morison, 1951). Other experi- 
mental work (Beach Erosion Board, 1941) shows 
approximately the same results. It appears that 
the experimental error is of the same order of mag- os 
nitude as the difference between the equations 
corrected for height and the equations for waves of 
small amvlitude. Because of this, the more simple 
equation for waves of small amplitude can be used 
for most engineering calculations. 

The particle orbit lies a little above an ellipse 02 
at the crest and is a little flatter than an ellipse at 
the trough while, at the same time, the particle is 
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Elements of Wave Theory—continued 


substantiated by observations 
Mitchim, 1940; Morison, 1948). 

Maximum Theoretical Wave Steepness. Stokes (1847) came to 
the conclusion that for any wave whose crest angle was greater than 
120°, the series would cease to be convergent and hence the wave 
form would become discontinuous. However, the possibility of a 
wave existing with a crest angle equal to 120° was not shown until 
later. Mitchell (1893) found the theoretical limit was H/L=o0.14 
and Havelock (1918) found it to be o. — 


(Beach Erosion Board, 1941; 
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Propagation of a Finite Wave Train Through an Undisturbed Media 
In nature, an infinitely long series of waves does not exist; rather 
a train consisting of a finite number of waves, which are formed 
by winds in a storm area, travels on the ocean surface. These 
‘“wave groups’ travel at a different velocity than that of the 
individual waves. Rather simple examples of wave groups are 
waves generated at the bow of a ship and the waves generated in 
a wave tank by operating the wave generator for only a few strokes 
(Beach Erosion Board, 1942). In these cases, it can be seen that 
the lead wave in the group decreases in height as it progresses, the 
potential energy being transformed into kinetic energy as the wave 
form induces corresponding velocities in the previously undisturbed 
water. The wave finally disappears while, at the same time, a new 
wave begins to appear at the rear of the group as the velocity 
pattern left behind is such that the flow converges towards one 
section and diverges from another section, forming the crest and 
trough. 
The velocity with which the wave group travels (Lamb, 1932) 
is given by, 
C =1/2C[1+ (47d/L) /sinh4zd/L] (2T) 


for waves of very small amplitude in any depth of water. For 
deepwater, Equation 21 becomes, 


(C,),=1 2C,, (22) 


Reynolds (1877), for waves in infinite depth of water, and Ray- 
leigh (1877), for waves in finite depth, developed equations for the 
transmission of energy by a wave group. In recent literature, the 
equations have been interpreted to mean that either (a) all the 
energy advances with group velocity or (b) half the energy 
advances with the wave-front velocity. However, as Rayleigh 
(187 7) pointed out, for deep-water conditions: 

‘It appears that the energy propagated across any point, 
when a train of waves is passing, is only one-half of the energy 
necessary to supply the waves which pass in the same time, so 
that if the train of waves be limited, it is impossible that its front 

can be propagated with the full velocity of the waves 

because this would imply the acquisition of more energy than 
can in fact be supplied.’’ 
Reynolds (1877) states: 

‘So that after the waves have advanced through two wave- 
lengths the distribution of the energy will have advanced one, 
or the speed of the groups is one-half that of the waves.”’ 

from the mathematical arguments of these two investigators, it 
appears that the energy travels at the group velocity. 
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To the Editor of The Dock and Harbour Authonty. 
Classes for Port Workers 

It will be recalled that in 1950 a Conference took place at wi:ich 
the Minister of Education, the Dock and Harbour Authorities 
Association, the institute ot Transport and other bodies con- 
sidered a scheine tor an Klementary Course to help Port Workers 
to a tuller understanding of the Port Industry. ‘Lhe Course was 
introduced, and its declared aim was to foster the study ot the 
main essentials of Port and Port Working, their problems and 
background. There were to be three subjects: (a) Port Trattic; 

(b) Port Working; (c) Port Organisation and Finance. 

An Examination was fixed for the end of the One-Year’s Course. 
While not essential, this is regarded as an integral part of the 
scheme and the Institute of Iransport has recognised success in 
this Examination as a qualification for student membership. 

The Evening School of Commerce and Languages, Salford, has 
included such a Course in its 1951-52 Session, and thoug th it might 
be rash to draw definite conclusions from a few months’ work, 
some tentative observations may be useful at this stage. Princi- 
pals of Technical Colleges near smaller ports who are considering 
provision of the Course may profit from our experience and mis- 
takes, while our observations may contribute towards the projected 
consideration of the whole scheme by the Institute of Transport 

Detailed preparations for the Course were carefully made and 
discussed exhaustively between the Port Authority, the Dock 
Labour Board, the Trade Unions and the Principal and Lecturers 
of the School. All those concerned co-operated fully in making 
this Course well known. 

The composition of the classes, which had to be triplicated, may 
be of some interest. Approximately the same number of outside 
workers and inside workers enrolled for the scheme. Only one of 
the inside workers, but 40 per cent. of the outside workers, left 
during the Session. This relatively high amount of wastage during 
the Session is, however, explained by the difficulties which face 
most of the outside workers who, because of the nature of their 
work, which may be extremely dirty, need a lengthy preparation 
before attending classes, and may perhaps have to work on night 
work. Despite the slightly better educgtional background of the 
inside workers, the outside workers proved at least equal in quick- 
ness of understanding, and interest to their clerical and adminis- 
trative colleagues. They proved to be expert in their particular 
job, and our conclusion is that it is best to have mixed classes of 
outside and inside workers because this mixture will contribut: 
to the wider range of experience of the class as such. 

The schoof was very fortunate that the lecturers proved ideal 
teachers, and found immediately the right and most effective 
approach to their students. The attitude of the lecturer must be 
more the attitude of a leader of a discussion group than that of 
a teacher. His students will in certain aspects have wider experi- 
ence to their own particular small field than he has. On the other 
hand he must be able to prevent the discussion from ranging too 
widely which would make it difficult to cover the syllabus. 

The classes at Salford meet on two evenings each week, as 
was generally felt to be the maximum time they could be expecte« 
to attend. The docks are very busy these days and overtime is 
well paid, and a third night at school would have meant too big : 
sacrifice. At the same time it is the opinion of both the Lecture: 
and the Principal that the subject matter of the three subject 
would be better re-arranged into two subjects only, namely: 

(a) Port Traffic and Working; (b) Port Organisation and Financ 

It is not suggested that the former subjects (a) and (b) shoul 
be simply merged. Certain parts of both these subjects mig 
well be taken out and put into the subject ‘“‘ Port Organisation 
e.g., the Historical Growth of the Ports, Dock Labour, Method 
Payment, the Dock Labour Board and Industrial Relations. W 
feel that there would be less overlappine 1nd it would be an advan 
age to have only one subiect an evening. The examination at 
the end of the session, which is optional, divides the students in‘ 
two groups, those who are keen enough to aim at it, and thos 
mainly over 40 vears of age who, while interested in the course, 
are not interested in an examination. The latter group, whic! 
this year only formed a small minority in Salford, but which in 
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our opinion will grow, would benetit from a separate class. <A 
short iecture (halt-hour) followed by a discussion and a final sum- 
ming up would be the programme for such an evening. ihe 
lecturers could be varied and should be drawn from all parts of 
the docks. 

A very difficult problem on which we have not formed a definite 
opinion 1s whether an age limit of 19 years or something similar 
should be set for entrance to this course. The argument for having 
such an age limit is that it would be better for younger students 
to have more general subjects, e.g. commerce with a special regard 
to Transport, English and Geography. he argument against 
it is that it would deprive students of the advantage of passing 
the Port Working Examination before being called up for military 
service so that after return from the services they could start right 
away on the Institute of Transport Examination, and our tear 
that most of the young boys would not come to a class which has 
a general educational background because there would be a tend- 
ency to look at it as a mere continuation of their school activities, 
and not a protessional or semi-professional course. 

The next question we asked ourselves was whether this one-year 
course would form a substitute for a preliminary examination for 
a professional body. We feel also that the passing of the examina- 
tion will be a real and sufficient test that the students have reached 
the necessary standard of maturity to be ready for the full course 
of the Institute of Transport. It has been suggested (Institute 
of Transport Bulletin No. 27 for 1951) that English should be 
introduced into the syllabus. The argument advanced against it, 
that the inclusion of an academic subject would deter many 
students, is one with which we agree. 

There are no suitable text books available for this particular 
The existing text books, although excellent, are too 
expensive, and also go too deep. What is needed is a short and 
precise text book written in easy language. I am sure that 
amongst the new lecturers who have been taking this course this 
year are many who have prepared notes, and these notes might 
perhaps form the foundation for such a text book. 

We have no experience yet of the examination but we feel that 
three evenings of three hours each will be a heavy strain for 
students who have been working all day and have to take an 
examination at night. The suggestion made above that two 
evenings would be sufficient together perhaps with the cutting 
down of the time from three to two and a half hours would ease 
the burden materially. At the same time we feel, that a purely 
written examination may handicap some students, and some 
thought should be given to the possibility of having a combination 
of oral and written examination, or even only an oral examination. 

A last word about what, although it seems trivial, proved to us 
of great importance. The responsibility and the full initiative 
for the running of the course must rest fairly and squarely on the 
school, and the Institute of Transport. In no circumstances must 
the impression be given that this course is mainly sponsored by 
the Dock Labour Board, or the Trade Unions. Suspicion is rife 
in dockland and grievances die hard. The docker may not trust 
the Dock Labour Board, and may suspect even his own Union. 
He will welcome the independent setting of the school, the inde- 
pendence of his lecturers, and he will benefit by mixing with other 
students of the institute. In our case we preferred to run the course 
even in our own building which is a grammar school normally used 
by boys, in preference to better equipped premises offered to us by 
the Port Authority and Trade Union. We feel that if the im- 
pression gained ground that this course is one run by the Dock 
Labour Board it would not attract the best type of student who 
wants to keep independent of his employer. 

This is the first attempt to bring education to the dock worker. 
Nothing must stand in the way of making it well known and suc- 
cessful. The effictency of our docks depends in the last resort on 
a well informed and alert labour force which understands not only 
its own job but its background and its place in our economic life. 
Rv makine this course a success we can contribute towards this 
ain 


course. 


Yours faithfully, 
(Signed) R. FOX. 
Principal 


Evening School of Commerce, 
Salford Education Committee. 


Anril 15, 1952. 


lu the Editut ol lhe Dock and Harbour Authority. 
Dear Sir, 
Decasualisation at Rotterdam 

In your Editorial Comment on the problem of the “‘ Turn-round 
Delays to Ships in Port ’’ (February, 1952) the remarks you make 
concerning labour conditions at the Port of Rotterdam are not 
altogether in accordance with the prevailing position, and I would 
therefore appreciate it if you would correct any false impression 
which your readers may have gained. 

(1) {t is a fact that the dockworkers in the Port of Rotterdam 
work normally 8} hours a day and 48 hours a week. Only those 
stevedoring firms, specialised in the transhipment of bulk goods, 
i.e. cereals, coal and ores (the so-called mechanical industry) work 
continuously, and that in a three-shift scheme, not in a two-shift 
system. The normal working day lasts in this case 74 hours (40 
hours a week). Few dockers are concerned with this trade 
(actually only about 12 or 15% of the total of dockworkers at 
Rotterdam) and the cause for this continuous working is to be 
found in the economic necessity, resulting from the—in compari- 
son with the general cargo transhipment extraordinary high 
degree of capital-intensity ot these companies. 

(2) The Port of Rotterdam has been decasualised since June, 
1949, and the following measures are in operation : 

(a) centralisation of the demand for dockworkers; 

(b) centralisation of the offer for work; 

(c) restriction of the offer, in other words, 
collective reserve for all firms together; 

(d) granting of guarantee-wages for the time that the dockers are 
involuntarily out of work; 

(e) the obligation of the dockers to report at a fixed place and 
time and to accept the work offered to them. 

It is perhaps interesting to remark that there is a further resem- 
blance to the English system (and the French) in so far that the 
dockers do not make any financial contribution. 

The differences from the English system are as follows : 

(1) the guarantee-wages are paid for each hour of unemployment 
(up to a maximum of 48 hours a week); 

(2) they amount to 80% of the standard wages per hour; 

3) not taken into consideration are any extra earnings (i.e. over- 
time, very dirty jobs, etc.). 

With regard to these three points of difference, I venture to sug- 
gest that in this respect the Rotterdam dockworkers are in a better 
position than their English colleagues. I also think that this wavy 
of payment evokes in the docker a stronger financial stimulus to 
work, for in the English scheme tie extra earnings are taken into 
account for the calculation of the guarantee ‘‘ make-up.’’ Not 
so in Rotterdam. 

On July Ist next, it is hoped that a general obligatory ‘“‘ half- 
pay ’’ and “‘ unemployment ’’-insurance-scheme will be introduced 
in the Netherlands (including the Port of Rotterdam), with the 
consequence that those workers who, in the event of depression 
of port activity are removed from the register, will receive during 
a certain period a “‘ half-pay ’’ unemployment-benefit, before they, 
as unemployed persons, will be dependent on Government’s 


support. 


the forming of one 


Yours truly, 
Rotterdam. N. Th. 
8th April, 1952. 


KOOMANS, 
General Manager of the Port 


To the Editor of The Dock and Harbouy Authovity 
Dear Sir, 
English and Dutch Methods of Shore Protection 
In his new book ‘‘ Coast Erosion and Protection ’’ (Chapman 
and Hall, 1952) the well-known writer of several eminent books 
on civil-engineering subjects Mr. R. R. Minikin, writes about the 
Dutch method of Coast Protection as being unnecessarily expen- 
sive, even £20,000 to £25,000 per groyne. ‘‘ The constructions 
become more and more grandoise and expensive; in fact, viewed 
against the history of the simple early works of generations ago, 
it does not appear that these modern methods have even the func- 
tional success of their forerunners.’’ 
Those ‘‘ forerunners ’’ were the wooden fence-groynes still used 
extensively on the English coasts in some form or other. We 
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Correspondence—continued 


abolished tnese tences about 1730; it would therefore appear that 
two centuries ago the Dutch engineers protected their coast better, 
and in a more economical way, than they do now (pages 221 and 
222 ot the book). Mr Minikin’s idea is to promote “ sea-sense ’ 
and he writes: ‘It is only right that new works and methods 
should be tried out, but they must be more closely related to the 
ends in view.”’ Now this is a rather serious doubting of our horse- 
sense aS well as Our sea-sense. 

Knowing the English shores fairly well (and admiring their 
beauty) and having noted down my views on coasts, estuaries 
and tidal hydraulics in the new “ Civil Engineering Reference 
Book ’’ (Editors Probst and Comrie). I venture to explain the 
difference between the English and Dutch methods of shore pro- 
tection as they are to-day. They are as follows: 

The Dutch want artificial capes, the English mobile material to 
protect their coasts. Mr. Minikin says, page 34: ‘‘ The erosion 
of high cliffs containing durable minerals is a very useful source 
of supply of littoral drift for beach economy. The loss of ground 
surface is surely a small price to pay.’’ Since Holland has no 
cliffs it has very little littoral drift. There is some, but it is un- 
reliable and halting. The whole coast has a tendency to recede 
slowly, some parts more than others. We could not pay the 
small (?) price of loss of ground surface of the receding places 
and therefore defended those places, of course diminishing the 
littoral drift by doing so. 

The 12 mile stretch between Hook of Holland and Scheveningen 
with its 66 groynes which are specially evoking Mr. Minikin’s 
scorn, had to be built because the sand dunes there became so 
narrow that the sea would have broken through. The cape-like 
expensive groynes have kept the depth-line of 7 metres well out 
of the shore, and kept the whole low country behind it safe. We 
have learned to look under water. The tidal currents had to be 
kept off, well away from the shore. Mr. Minikin says that nobody 
‘should interfere drastically with the natural regimen of the 
lower foreshore,’’ but we had to do so. There would not have 
been any cheaper way to escape calamity. 

The English method may be the cheapest in England so long 
as that country can suffer the sea to produce enough littoral drift 
from its shores. We would perhaps welcome England to provide 
us also with some material of its eroded shores, but England is 
on the wrong side of the Channel, and I fear we even would suffer 
from it in our river and harbour entrances. Littoral drift has its 
disadvantages too. 

Of one thing we are sure; there is no other way to stop sea- 
erosion than by making or keeping strong capes. In the long run, 
even in England, the coasts will recede in the same proportion 
as its capes and cliffs recede, many low parts between the capes 
and cliffs included. 


35, Stalpertstraat, 
The Hague, Holland. 


April 7, 1952. 


Yours faithfully, 
DR. J. Van VEEN. 








Book Reviews 


Maritime Works (Travaux a la mer) by Marcel Blosset. Published 
by Eyrolles, 61, boulevard Saint-Germain, Paris, 5°. 510 figs., 
635 pp. price 3950 francs. 

This book is divided into four parts: (1) the Elements, (2) 
Necessary adjuncts to maritime traffic, (3) Construction of Mari- 
time works, (4) Harbour Exploitation. There are 24 chapters, 635 
pages, and 500 sketchy illustrations, mostly of the type that would 
be depicted on a blackboard accompanying a lecture. This is under- 
standable as the author is Professor of civil engineering at the 
Ecole spéciale des Travaux Publics. It is a feature which is con- 
venient as it rivets attention upon the matters discussed in the 
text. The book covers a very wide field in one volume, and is a 
veritable compendium of maritime engineering activities featuring 
design, construction, use and administration. It will be appre- 


ciated that such an extensive range does not allow of detailed 
treatment, nevertheless, the author has succeeded in producing a 
volume of great interest upon a technical subject that never 
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becomes uninstructive or boring. Such treatment makes ii a § 
valuable aid to students to master the ramifications of the subject | 
before specialising in any ot the branches discussed. 

The fitst part deals with wave action, tides, and currents; sea 
industries, and various schemes for utilising tidal power; hints on a 
constructional materials, etc. * 

The second part commences with descriptions of post-war vessels 
and their harbour needs; and then discusses the provisions, from 
the naval architectural standpoint, for the seaworthiness, security, 
and navigability, of vessels. The modern development of naviga- 
tion aids, and recommendations of international conventions, or 
associations, for safety provisions are examined. Useful notes on 
the production of charts and the preparation of soundings diagrams 
are given, lightships, lighthouses, harbour direction lights and 
radar equipment stations are also treated. 

The third part is the most extensive and covers more than half 
the volume sketching maritime works from harbours of refuge, 
outer harbours, calling piers, etc., to those works required in the 
largest of commercial ports. There are 13 chapters in this section 
dealing with tipped rubble breakwaters and vertical walls and the 
methods of design and construction; the layout of the essential 
facilities for discharge and transfer of cargoes to land transport and 
storage, the expeditious loading, or unloading, and despatch of 
bulk cargoes, the economics of transporter and luffing cranes, etc. 
Lengthy treatment is given to the construction of various types of 
quay walls for shallow and deep water docks and to mooring 
facilities alongside, wharves, dolphins, buoys, etc. | Numerous 
hints are given on materials of construction and for fendering 
vessels alongside quays. One of the chapters is devoted to dock 
gates and shipping locks. Then follows a chapter on grids, ship- 
building and repair berths, slipways, and floating docks. Various 
types of bridges for spanning navigable waterways and channels 
are described. Other matters receiving attention are: dock and 
harbour maintenance, wreck removal, dredging, etc. Then 
follow chapters on coast defence and the improvement of tidal 
rivers, and canals. 

The fourth part, of three chapters, deals with commercial, 
administrative, and special matters such as seaplane bases, oil 
ports, fish marketing facilities, and the duties of a harbour 
engineer. 

To sum up, the book is most interesting reading and gives full 
attention to the essentials of the subjecf as a whole. It provides 
an excellent, although sometimes a sketchy, summary of the con- 
struction of maritime works and maintenance, and should be of 
great use to young engineers wishful to acquire information over 
the whole of maritime harbour activities. R. R. M. 


Three Hundred Years on London River by Aytoun Ellis, The 
Bodley Head, 30s. : 

This book is the Hay’s Wharf story from 1651 to the present day 
and is rich in the history of riverside Bermondsey and Southwark. 
It traces its development from a small wharf to the present-day 
continuous line of wharves extending from Tower Bridge to Bank- 
side with ancillary cold stores and wine and spirit vaults lying 
behind the riverside warehouses. The book also traces the deve- 
lopment of the lighterage, cartage, and shipping and forwarding 
interests associated with the present-day company, The Proprietors 
of Hay’s Wharf, Ltd. : 

In the early days of Hay’s Wharf hoys and other sailing coasters 
were the only vessels to berth at the wharf. In the early part of 
the nineteenth century there were services from the wharf to Swan- 
sea, Plymouth, Stockton, Ipswich and other coastal ports. In the 
middle of the century the China clippers came to the wharf to be 
fcllowed later in the century by steamers. The author has dealt 
generously with the history and the warehousing side of the Hay’s 
Wharf business; he has also brought into his narrative the family 
records of those far-seeing men who built up the business as Lon- 
don knows it to-day, but much of interest has been lost by not 
telling the reader something about the ships which so many thou- 
sands of Londoner’s see day by day as they cross London Bridge. 

The book is well illustrated with old sailing bills, maps, plans 
and contemporary pictures and prints. Several of the illustrations 
have been specially painted by the author’s son, Mr. Gordon 
Ellis. A. G. T. 
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DREDGERS AND DREDGING PLANT 





































































a | Bucket Dredgers 
7 : Suction Dredgers 
2 Cutter Dredgers 
id Trailing Dredgers 
. Reclamation Dredgers 
._ Grabbing Dredgers 
- 
l A Hopper Barges 
Hydraulic Agitators ! 
i Floating Pipe Lines 
. Shore Discharge Pipes 
Sewage Vessels 
Pilot Vessels 
Ferry Steamers 
Floating Cranes eee eee 
Passenger Tenders 
Towing Vessels 
Salvage Steamers 
Cargo Vessels 
=e Passenger Vessels 
3 Barges 
4 Pontoons 
i Spare Gear and Renewals supplied to existing Plant 


FERGUSON BROTHERS (port cGiascow) Ltd. 


Shipbuilders and Engineers 


' NEWARK WORKS, PORT GLASGOW, SCOTLAND 


London Office : 6, Bloomsbury Square, London, W.C.1 Telegrams : ‘‘ Dredger ’’ Port Glasgow 
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THE TETRAPOD 


A NEW TYPE OF PRE- CAST 
BLOCK FOR JETTY REVETMENTS 


“Brevét NEYRPIC,“'o1 
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. > eA. & =< *y ‘ 
FOR ANY FURTHER INFORMATION, KINDLY WRITE TO 
SOTRAMER, 155, BOULEVARD HAUSSMANN 


PARIS VIll, FRANCE. TEL. BALZAC 03-14 
PATENTS PENDING THROUGHOUT THE WORLD 
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YOUR WISEST MOV. 


Wipe the board... 
and seven men 
free for production 
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Nowadays manpower problems are acute and the chances of improvement 
are so uncertain that you simply cannot afford the manual movement of 
materials through your factory. It is a fact you can’t ignore that at least seven men 
at present so engaged could be directed into more important, productive work. Make 

’ , that move now — investigate the enormous possibilities of manpower saving by the use of a 
Coles Electric Eel Tractor —§ OES Electric Tractor in your factory. There are a hundred and one jobs it could do. 


lbs. maximum drawbar pull, Coles Loadcarrier, Low Lift, Tiering, Boom Trucks and Tractors are available in a wide 
towing a Coles 3 ton Indus- ess . 
trial Trailer, model 52071. range of capacities. Send for details today. 


O CRANES, TRUCKS “J 











STEELS ENGINEERING PRODUCTS LTD. 


Mechanica! Ha dling Eng neers Tele 


CROWN WORKS ° SUNDERLAND 


SALES AND SERVICE 
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B. 
Reproduced by kind permission of the Chief Engineer, Port of London Authority. 
Exchange Sidings, Royal Victoria Docks. 





Elastic Rail Spikes give resilience to absorb 


: ca] 
vertical rail movement. Rail creep is eliminated | to 
Ez 
and track maintenance costs are reduced. : 
eof 


Designs are available to suit existing Track Construction. 





















Single shoulder Double shouider Without 
baseplate. baseplate. baseplate. 














ELASTIC RAIL SPIKE CO. LTD. ( 


117, FENCHURCH STREET, LONDON, E.C.3 i 
Telephone : ROYAL 4111 Cables : ELASPIKE, LONDON 
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Reconditioning an Old Jetty 


Interesting Comparison of Three Types of Construction 


(Specially Contributed) 


T SELDOM HAPPENS that an opportunity arises to compare 
the performance of three different types of construction which 
nave been exposed to exactly the same service conditions. 
such an opportunity has, however, recently arisen in connection 
with certain repair work that the Consulting Engineers, Messrs. 
Maunsell, Posford and Pavry were called upon to carry out upon 
the Queenborough Coaling Jetty, owned by Messrs. Settle Speak- 
man and Co. Ltd., which is situated in the tidal creek which 
separates the Isle of Sheppey from the mainland close to the point 
where the River Medway debauches into the Thames Estuary. 

The form of construction adopted in the latest repair work em- 
ploys bare steel as the structural element. The older part of the 
jetty was built partly in timber and partly in reinforced concrete. 
A triple comparison is therefore afforded. 

The original jetty built in 1907, is a typical example of an early 
effort at wharf construction in reinforced concrete. It consisted 
of a curved approachway carrying a double track railway. The 
approachway was supported on piles and led up to the unloading 
jetty which was also a piled structure. The latter was 185-ft. 
long and upon it were mounted 3-ton grabbing portal cranes run- 
ning on outer tracks. There was a coal conveyor mounted on the 
inboard side. Ships were berthed in front of the wharf where 
there is a depth of 33-ft. of water at high water of spring tides, 
the tidal range being 19-ft. at springs. 

Barges were berthed at the back of the main wharf where the 
depth of water was much less. 

A timber extension 120-ft. long, shown in Fig. 1, was built in 
the year 1920, and then in 1933 when both the reinforced concrete 
section were becoming unsafe, a reinforced underpinning scheme 
was undertaken by Messrs. Peter Lind and Co. to their own 
design. This underpinning scheme involved the driving of 80 
reinforced concrete piles, each of which was over 60-ft. in length 
and which carried heavy reinforced concrete capping bents. 

The old deck structure was eventually supported off these new 
capping bents. 

Further repairs to the underside of the old decking were found 
to be necessary in 1938 and the restoration of these defective beams 
and slabs was only half completed when the war intervened and 
prevented the completion of the work. 

It is instructive to consider the nature and the causes of the 
deterioration, both of the early reinforced concrete structure and 
of its timber extension. 

It must be remembered that the reinforced concrete designer of 
those days, 40 or 50 years ago, had himself frequently to face the 























Fig. 2 


competition of other designers claiming to be specialists in the 
field of reinforced concrete design. Under such conditions, the 
designers themselves were compelled to attempt the utmost econ- 
omy in design which very often involved sacrificing solidity and 
durability. In addition to the competition which existed among 
the different specialist designers, it almost always happened that 
the execution of the work came to be awarded by competitive 
tender and the contractors of those days had, in order to get work, 
to cut their prices to a greater extent than is nowadays usual. 

The early reinforced concrete designs were simulacra of the time 
honoured timber constructions that they were designed to replace; 
that is to say, they were braced lattice structures. There were 
two levels of longitudinal and transverse members, the upper layer 
situated just above high water and the lower layer situated a short 
distance above low water. Between these two horizontal layers 
of bracing members were a number of inclined or raking members 
some of which were disposed lengthways and others transversely. 

The designers rarely made use of one of the main advantages 
of the new material which was the integration of the whole struc- 
ture by means of a continuously reinforced deck slab and the 
elimination of bracings by means of raking piles. 

It is probable that much of the cracking of the concrete con- 
nections which took place in this old jetty was originally brought 
about by the subsidence of the outer side of the jetty and the 
consequent tilting of the whole structure. The tilting in question, 
which undoubtedly took place, appears to have been the result 
of insufficient bearing strength on the part of the piles on the 
deep water side of the jetty. Although this subsidence and tilting 
of the jetty was probably responsible for most of the fractures it 
is quite likely that some of it was also due to the defective charac- 
ter of the original design in which a fully braced rigid upper part 
is imposed upon an unbraced lower part consisting of vertical pile 
shanks below low water. It is particularly noticeable that wher- 
ever cracks have occurred, the reinforcing bars have become 
exposed to attack by rust and the effect of this has been to set up 
internal pressure causing more of the concrete to spall off so 
exposing more of the bars to rusting. This process which has 
been active in parts of this structure for over 40 years has in places 
resulted in causing almost complete corrosion of the reinforcement. 

There are, on the other hand, parts of the original reinforced 
concrete structure which were not exposed to cracking and where 
practically no deterioration has occurred in all these years. The 
weakening of a member, as illustrated in Fig. 3, by the heavy loss 
of concrete compression area is usually a more serious factor than 
the loss of tensile steel area dué to direct rusting. 
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Reconditioning an Old Jetty—continued 





Fig. 3. 


Another special cause for deterioration was the use of flat iron 
stirrups in part of the early construction. The collection of rust 
on these flat iron stirrups has produced the excessive amount of 
spalling shown in Fig. 2. It is interesting to note that in other 
places where the main reinforcement bars were hooped by means 
of round stirrups, the spalling was much less extensive. 

Another thing which has to be remembered is the extraordin- 
arily unfavourable conditions under which many of these old 


























Fig. 4. 








Fig. 5. 

reinforced concrete wharves had to be constructed. It was quite 
usual in those days for the fixing of the shutters, the steel rein- 
forcement and also the deposition of the concrete to be made to 
take place between tides in exposed position and often by night. 
In those days also, even after a jetty of this kind had been built 
it was likely to be regarded by the shipmasters and watermen as a 
fair target for a trial of strength with their craft and was subjected 
to a good deal of hard usage. 
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Reconditioning an Old Jetty—continued 


Taking all these considerations into account, it is very remark- 
able that any of these old structures should have lasted as well as 
they have done. 

It has been mentioned above that the timber extension to the 
reinforced concrete jetty had also been found to have deteriorated 
very much after only 30 years’ service. The deterioration in this 
case was to a large extent caused by marine borers below higher 
water and by improper disposition of the timber above high water. 
The timber work above high water was frequently allowed to be 
in contact with deck filling material. Being unable to dry out, 
this timber soon became rotten. An example of rotting produced 
by the Limnoria marine borer near a low water level is shown on 
Fig. 4. In these cases the upper part of the piles were still sound 
and the lower parts embedded in the mud were also unaffected. 

This particular structure seems to have been built in Douglas 
Fir obtained from British Columbia or Oregon, U.S.A. and the 
timber does not appear to have been creosoted under pressure 
before its employment. The ideal timber to use for such work 
would have been Greenheart because of the much greater immun- 
ity which Greenheart possesses against attack by marine borers. 
Pitch pine timber would also have been much more durable. In 
those days, this easily worked, extremely strong material was 
readily obtainable for a moderate price but after the 1914-18 war, 

















both Pitch Pine and Greenheart became more difficult to obtain 
and this led to the use of inferior Oregon timber. 

A comparison of the structural forms is shown in Fig. 6 in which 
(a) is a cross section of the original reinforced concrete jetty, 
shown dotted, and (b) is a similar view of the 1920 timber exten- 
sion, also shown dotted. The reinforced concrete restoration work 
carried out in 1933 is shown on both in full line, and shows the 
use of raking piles underpinning the timber extension. This 
eliminated the possibility of any bending moments being set up in 
the piles due to horizontal forces, and avoided racking stresses at 
bracing connections. 

The most recent improvement which has been carried out is 
also shown in Fig. 6a and b (in solid black). 

_ The latest restoration design by the consulting engineers, took 
into account the owner’s intention to replace the original 3-ton by 
5-ton level luffing Stothert and Pitt 22-ft. gauge portal wharf 
cranes. It was clear that the existing deck beams could not take 
any of the additional load, so the scheme adopted was to halve 
the span of the beams by placing another piled bent between each 
of ‘he original transverse bents. The new cross beams were com- 
posed of twin 24-in. by 7}-in. R.S.J’s. connected to 12-in. by 
12-in. broad flange beams driven as piles as shown in Fig. 5 the 
Jola! being concreted to prevent rusting. 

The owners required that there should be no hold up in the 
ber‘hing and unloading of ships due to the reconstruction, nor 





should the loading of barges, wagons, trucks and conveyor be 
affected. The method of pile driving adopted to achieve this was 
to pitch the piles in lengths of 35-ft. using the wharf cranes, when 
these were not required for unloading. The piles were pitched 
through holes cut in the deck, and were driven without leaders 
by a No. 7 McKiernan Terry hammer. 

The first pile was driven to a set of 150 blows to one foot, and 
was tested by running a locomotive on to the track above and 
jacking against the underside of the rail bearers. There was no 
subsidence under this load of 44 tons. 

The 12-in. x 12-in. broad flange beams were also driven as fender 
piles on the front of the jetty and in contact with it at deck level. 
Elm fenders were fitted into the beams on the outside face and the 
long unsupported length gives the necessary spring to the fender 
when bumped by river craft. Small bollards of the ‘‘ Bean ”’ 
type were fixed to the top of the fender piles as there was no room 
to fix them between the crane tracks and the edge of the wharf. 

The whole structure was braced by 8-in. x 8-in. angles as shown 
in Fig. 7. All the exposed surfaces of the new work were heavily 
coated with bitumastic paint, as also were most of the old concrete 
surfaces. 

The independent dolphin shown in Fig. 7 is capable of taking 
the force of end collision due to rough berthing, and consists of 
Larssen No. 3 box piles. 

The performance of this restoration in steel will be closely fol- 
lowed. It is expected, however, that bitumen coating will defer 
the corrosion of the one inch thickness of metal in the piles for a 
very long time. 

The contractors who carried out the latest stee] underpinning 
scheme with great economy and despatch were Marples, Ridgway 
and Partners Ltd. 








Civil Engineering Code of Practice No. 2 
Earth Retaining Structures 


This Code is one of a series which is being prepared and pub- 
lished under arrangements made by the Civil Engineering Codes 
of Practice Joint Committee constituted by the Institution of Civil 
Engineers, the Institution of Municipal Engineers, the Institution 
of Water Engineers and the Institution of Structural Engineers. 
It was prepared by a Committee convened by the Institution of 
Structural Engineers. A draft of the Code was submitted for 
comment to certain leading authorities on the subject, to pro- 
fessional and industrial organisations and to others intimately con- 
cerned with the matters covered by the Code at home and abroad. 

-This Code deals with the design, construction and maintenance 
of all types of structures required to retain soils at a slope steeper 
than that which they would naturally assume, or to protect soil 
banks against destructive agencies. It is applicable to structures 
for retaining solids other than soils provided their relevant charac- 
teristics can be ascertained but it does not deal with structures for 
retaining liquids. 

Matters which affect all types of earth retaining structures are 
first discussed. These include the estimation of the forces in the 
surrounding soil which threaten or promote their stability, the 
various types of structure and the reasons for their choice, and 
such details of design, construction and maintenance as are applic- 
able to all types. Subsequently the various types of structure are 
dealt with in turn and recommendations regarding the materials 
to be used and special points affecting the design and construction 
of each type are given. 

Additional information is given in a series of appendices, items 
of special interest being an account.of a number of wall failures 
which have occurred and a description in some detail of various 
methods of underwater revetment. A bibliography is included. 

Copies of the Code are obtainable from the the Institution of 
Structural Engineers, 11, Upper Belgrave Street, S.W.1, price 
15s. post free. 
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Port Economics 


Part 5. Port Finance 


By A. H. J. Bown, 


N an earlier chapter it was suggested that the science of econ- 
Je= is largely expressible as a matter of money. The 

financial aftairs ot port authorities, just as those of other 

organisations, reflect the push-and-pull of economic forces and, 
in the paragraphs now following, an attempt is made to analyse 
this process and to suggest some of the basic principles which in- 
fluence its operation. 


Capital structure and assets. 


The economist recognises three factors of production—namely 
labour, land and capital, but when he comes to define capital for 
us he does not always agree with his fellow-experts. However, 
we may accept from Alec Cairncross (Introduction to Economics) 
the plain statement that capital means property, money and secur- 
ities.. Examples of all three are to found under the general 
heading of assets on the righthand side of the balance sheets of 
port authorities. The following is a composite list drawn from 
several such sources : 

(1) .Capital Expenditure—that is, expenditure to date on land, 
buildings, plant, etcetra, less Government grants and other 
credits received, and less amounts written off out of revenue. 
The schedule of capital expenditure may contain the follow- 
ing detailed heads :— 

Original cost of dock works 
Origina! cost of river works 
Miscellaneous dock and river works 
North Harbour and Jackson Dock works 
Lock Works, North Outlet 
Extension and improvement of Pearson Dock 
Improvement of West Dock 
Graving Docks 
Coal drops, railways and approaches 
Warehouses, Sheds and working plant 
Protecting piers 
Lucas Pier 
New West Pier and contingent works 
Strengthening South West Pier 
Dredgers and other floating property 
Harbour entrance improvement works 
Harbour improvement works 
River improvement works 
Head office building and furnishings 
New workshops 
Reclamation of 20 acres at Southdene 
Widening and deepening No. 2 Junction Gateway 
Improvement of West Side, Jackson Dock 
Echo sounding equipment 
Removal of Strand End for river widening 
Widening of river near Palmerston Bridge 
Rock dredging in Outer Basin 


Sinking Funds—Cash at bank on deposit account. 
Stock of stores and materials on hand. 

Sundry debtors. 

Charges paid in advance. 

Cash at bankers on current account. 

Cash at bankers on deposit account. 

(8) Cash in Treasurer’s hands. 

(9) Investments in Defence Bonds etc. 


As will be seen, the above-given list includes the tools of the 
port authority’s trade, the special sort of premiess it must possess 
in order to do its work, some ready money, other money earned 





(2) 
(3) 
(4) 
(5) 
(6) 
(7) 


OB... 
General Manager and Clerk, River Wear Commissioners, 


PC.1LS., M.Inst.T. 
and General Manager, Sunderland Corporation Quay. 


and put aside for special purposes, and yet other earned money 
saved and invested outside the undertaking and available if re- 
quired. 


undertaking. 
below : 
Capital Loan Debt. 
Funded debt. 
4$ per cent. annuities. 
3 per cent. annuities. 
33 per cent. Second Mortgages. 


Bonds and mortgages. 
First mortgages. 
Second mortgages. 

Piers Loan. 

Capital Loan Redemption Account. 
Sinking Fund‘‘A.”’ 
Sinking Fund “ B.”’ 
Other amounts transferred from revenue and applied in 
repayment of loans. 


Capital Reserves. 
Reconstruction and renewal of works. 
Amounts set aside out of revenue less total expended to date. 
At the risk ot stating the obvious, a*few sentences of explanation 
are here inserted tor tne benefit of such younger students as may 
not be completely tamiliar with the balance sheets of port under 
takings. 


The capital loan debt. 


This is money borrowed from and still owing to the public upon 
the security of the revenue of the port undertaking. It has all 
been devoted to the creation or purchase of revenue-earning 
assets. In the example given above, the differing rates of interest 
largely reflect the dittering conditions of the money market at the 
time of borrowing: the rate is also liable to be affected by the 
term—that is, the period of years for which the money is lent and 
at the end of which it must be repaid unless the loan is renewed by 
agreement on the same or revised conditions. In the United King- 
dom, it has been a Treasury regulation for some years past that 
such loans must be for the period of seven years at least. Formerly 
much money was lent and borrowed for shorter periods, such as 
three years, and was often thereafter left remaining on loan with 
a six months’ notice condition on either side. If lenders do not 
wish to renew at the expiration of the term, the port authority 
must find other lenders to take their place, unless there are reserves 
available out of which it is decided to use money to extinguish 
the debt. 


Division of the capital loan debt. 


In the composite example given earlier, the capital loan debt 
is shown in three parts—(1) funded debt; (2) bonds and mort- 
gages and (3) piers loan. In illustration of some of the different 
forms which port authority loan debt may take, it may be useful 
to explain that the funded debt, in the example, was created, 
section by section, by offering funding terms to a large number 
of separate mortgage holders. These operations were carried out 
by the port authority at different times through a firm of merchant 


Such is the typical make-up of a port authority’s capital. | 

On the other side of the balance sheet is the story of how these | 
possessions have been acquired, how far they have as yet been 
paid for, and some indication of the financial strength of the | 
A composite list of representative items is given 7 
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bankeis when interest rates were reasonably settled, the bankers 
underwriting the several transactions. Ine advantage to the port 
authority was mcreased stability and simpuhcation in its capital 
structure because a large number of separate short term mort- 
gages, liable to tall due at ditterent dates, were converted into 
one large debt tor a much longer term at a known rate ot interest. 
In the example quoted, by tar the greatest part of the tunded debt 
is that upon which the rate ot 34 per cent. is being paid. It was 
created in 1935 and must be repaid during the ten-year period 
1955 to 1965, the port authority choosing its own time during the 
course of that ten years The tunded debt is dealt in on the stock 
Exchange and the port authority registers transters and trans- 
missions on the payment ot a smail fee. 

The bonds and mortgages represent sums of money borrowed 
from individual persons, firms or societies. The first mortgage 
capital is the oldest and highest ranking security of the Under- 
taking. In subsequent private Acts, the name of first mortgages 
was reserved to this particular borrowing and its total sum was 
fixed—hence the application of the term second mortgages to later 
borrowings. There are many lenders and the periods and rates 
of interest vary according to the state of the money market when 
the money was borrowed. The common procedure is to obtain 
such loans when they are required through firms of investment 
brokers to whom a procuration fee is paid. As used here, there 
is no effective distinction between the two terms bonds and 
mortgages. 

The piers loan is separately stated because it was raised under 
a special statutory power for the construction of new outer piers 
and is in a slightly different form.’ The authority was authorised 
to charge a new and additional tonnage due in respect of the piers 
and upon this revenue thé piers loan is particularly secured. It 
It was borrowed wholly from one source and was made repayable 
over a period of sixty years, interest and capital repayment being 
taken care of by regular annual combined payments. 


Redemption Account. 


The total sum given in this section shows the extent of the port 
authority’s success in paying back money borrowed for the pur- 
pose of purchasing, extending and improving the undertaking. 
In the headings given in the foregoing example, it will be seen 
that there are two sinking funds and a general item: in this case, 
the two sinking funds are maintained in accordance with specific 
statutory requirements and relate, respectively, to two particular 
parts of the authority’s loan debt. The general item is made up 
of sums charged against revenue in various past years and used to 
pay off other parts of the loan debt. 


A large redemption account and a comparatively small capital 
loan debt indicate financial strength. They do not, however, 
necessarily guarantee that the over-all condition of the authority’s 
undertaking is healthy and vigorous. For example, if capital 
debt has been redeemed so fast that maintenance has had to suffer, 
then the consequent poor state of the physical assets may out- 
Weigh the satisfactory appearance of the balance sheet. Again, 
if a spirit of timidity has stopped desirable expenditure upon 
extensions to the port facilities, then, even if the old facilities have 
been thoroughly maintained, it may well be that on paper the 
undertaking is prosperous but, in actual fact, has been allowed 
to lapse into an obsolescing state. There are no set rules for the 
guidance of port administrators in such matters as these: know- 
ledge of the right course to pursue is only born of the wisdom 
obtained from long experience—and especially from experience of 
a particular port, its history, its peculiarities, its special task in the 
national economy, and its future prospects. 


Capital and Revenue reserves. 


_ As with all balance sheet reserves, the reserves of a port author- 
ity may be represented by corresponding investments outside the 
uncertaking itself, or they may be included in the value of the 
authority’s own facilities. In any particular case the position may 
be escertained by an examination of the assets side of the balance 
shect. Capital reserves may be created by the sale of assets in 
excess of original cost, or again, by issuing bonds or stock at a 
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premium. Revenue reserves may -have been derived from accu- 
mulated surplus revenue realised in past year and left as a favour- 
able balance without specific appropriation; or revenue may have 
been charged from time to time and reserve accounts with varying 
titles thus created—such as general reserve, port improvement 
reserve, renewals reserve, and the like. When a desirable time 
comes for the utilization of such reserves, or part of them, if there 
are corresponding outside investments then such investments may 
be turned into cash to meet the particular contemplated expendi- 
ture. On the other hand, reserve accounts which have no 
corresponding investments outside the business, but are repre- 
sented in the increased value of the undertaking on the assets 
side, remain on the liability side and are of benefit to the under- 
taking in that the loan debt has been kept down by a sum corres- 
ponding to the reserve. Furthermore, in any year of abnormally 
high revenue expenditure, a renewals reserve account could be 
used to keep down the charges against revenue in that year. 


Port revenue and expenditure. 


Turning to annual income and expenditure, the following main 
heads relate to a United Kingdom port undertaking owned and 
operated by a statutory public trust and consisting of docks as 
well as a harbour and length of river :— 


Income. Dock tonnage dues on vessels, coal shipment charges, 
wharfage receipts including dock dues on goods, warehouse re- 
ceipts, graving dock receipts, rents of sites, port dues on vessels 
(made up of tonnage dues, refuge dues, mooring dues, lighthouse 
dues, river loading dues and launching dues), port dues on coal, 
port dues on goods and miscellaneous receipts. 


Expenditure. (1) Operating expenses. Wages paid to officials 
and staff docking and undocking vessels, to graving dock staff, 
to officials and staff concerned with coal shipping, dock railway 
working, and supervision and operation of cranes, wharves and 
warehouses; payments to sub-contracting master stevedores load- 
ing and discharging vessels; wages of dock watchmen; salaries and 
wages of officials and staff of harbourmaster’s department; wages 
of staff operating lighthouses and signals; charges for electricity, 
gas, coal and fresh water; and municipal rates payable in respect 
of port and dock estate. 


(2) Maintenance and renewals. Repairs and replacements to 
dock gates, bridges, graving docks, quays, piers, sea defences, 
moorings and buoys, coal staiths and approaches, wharves, ware- 
houses, cranes, cargo handling appliances, locomotives, dock rail- 
ways and roads; wages to staff surveying, sounding and removing 
obstructions ; maintenance of lighthouses, signals, shore radar 
installation and engineers’ workshops; and maintenance dredging 
of harbour entrance channel, river and docks including upkeep of 
dredging craft. 


(3) Administrative expenses. General salaries and wages ; 
insurances — accident, national, fire, boiler, craft, third party ; 
printing, stationery and advertising ; postages and telephones ; 
superannuation allowances and contributions; and legal and parlia- 
mentary expenses. 

mortgages and 


(4) Financial charges. Interest on loans, 
contributions to 


funded debt ; stamp duties and loan charges ; 
sinking funds for debt redemption; and income tax. 

In later chapters in the present series, further detailed reference 
will be made to some of the aforementioned classes of revenue and 
expenditure. For the moment, the table on the following page 
will be of interest to the student. The figures given relate to 
the finances of 24 port authorities—18 in the United Kingdom and 
6 in other countries. They may serve to show something of the 
general trend of relationship as, for example, between invested 
capital and gross and net revenue, and again, between annual 
revenue and expenditure. Another point of interest 1s how the 
present capital value of the undertaking has been built up—as 
between money borrowed, on the one hand, and, on the other, 
money earned by the undertaking itself in past years. The Pro- 
portion between total borrowings and debt redeemed is also worth 
noting. 
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| Capital Expenditure Result es ks 
Out of Total of Expenditure a doc . 
| revenue, or * , Rivers nad neteowet Gross against existin 
, J : reserves, or ut o Orre it r i i ~ - eS 
No. Type of Undertaking | other sources borrowings Total capital oemmniies [a “saa Surplus = Remarks a are Ca 
other than Redeemed in a recent year year ee the na 
borrowing year Oe 
£ Thousands | £ Thousands | £ Thousands | £ Thousands; £ Thousands | £ Thousands | £ Thousands (£ Thousands|£Thousanis yy it sho 
’ | tee deferr 
1 | A public trust 4,438 46,034 50,472 | 8,275 37,759 6,727 6,611 116 Se econo! 
2 do. 969 43,793 44,762 | 11,082 32,711 11,089 10,167 | 922 | . 
3 do. 2,777 6,085 8,62 3,481 2,604 1,400 1379 | 2 port 
4 do. 1,926 2,773 4,669 | 1,165 1,608 366 373 7 | De devel 
5 do. 1,624 2,476 4,100 | 934 1,542 589 583s 6 ig 
6 do. 95 8.577 3,672 | 653 2,924 375 352 23 >> incre: 
7 do. 858 2,158 3,016 | 1,038 1,120 330 194 | 136 = It hi 
8 | do. 35 2,694 2,729 | 1,865 829 253 211 | 42 | De ot pr 
9 do. 845 1,314 2/159 906 408 188 193 | 5 | 
10 do 457 1,000 1,457 193 807 264 236 | 28 ® three 
11 do 472 587 1,059 58 529 162 147 15 me but, | 
12 | A company 816 129 945 | 129 182 150 32 ® pensa 
13 | A public trust 898 138 121 17 wo 
14 | A company 90 400 490 400 163 109 54 tha 
15 | A public trust 133 296 429 200 96 44 47 3 returl 
i6 Municipal 10 52 62 80 99 5 9 4 econo 
17. | A public trust | 123 82 41 73 71 2 is a 
18 | British Transport Com- ‘ 
| mission, Docks,Harbours | natu! 
and Wharves | —|_—<—$_ | _—— on A 
| “ a 3 
| Scottish 589 684 95 | Before BS appre 
| North Western | \ 1,358 1,624 266 ‘toranae me it it 
North Eastern | 1,053 720 333 on s 
| Humber , | 2,862 3,164 302 \-| capital exist 
| South Wales 3,025 3,230 | 205 || redemy. Ma OF eX 
| South and South Western | | 2,644 2,106 538 ion % hous 
| Others } { 967 } 1,025 58 / | contri I : 
{ pat ae aot butions AR on it 
Totals :—Net book value of fixed assets as last adjusted { 12,498 | 12,553 871 | 926 ® char; 
and published :— 7 j F 
| 871 5 C 
£88,508,916 less a proportion of the = by t! 
Assets Displacement Account 55 aa 
| oil poss! 
final 
19 An Indian port Rupees 1,92,89,054 24,34,46,253 26,27,35,307 8,76,07,250 | 15,58,39,003 5,92,28.591 5,87,52,007 4,76,584 by 1 
20 A U.S.A. port Dollars 13,800,000 13,800,000 | 865,000 13,070,000 703,537 643,908 59,629 port 
: “* 9 | 
21  ATasmanian port £ 244,482 327,480 | S1p08 Ma” | 246,000 81,430 83,927 73,680 10,247 and 
2° AnIndian port Rupees | 2,38,20,393 | 3,15,20,414  5,53,40,807 | 2,56,65,975 | 58,54,439  =1,18,66,526 1,08,70,720 9,95,806 ' equi 
293 A West African port £ 479,197 3,104,416 3,583,613 | 3,649,088 476,849 255,291 121,558 Be qua 
24 A New Z-aland port £ 2,198,711 1,991,900 4,190,611 1,600,000 391.900 1,008.939 997,817 11,172 Dy sper 
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Port development and the national economy. of Factories, the Ministry of Labour, the Ministry of Transport, | peo} 
The economist teaches us to make a distinction between social the Ministry of Fuel and Power, the Ministry of Local Govern- any 
and private net returns. The assumption is that if an enterprise ™ent and Planning and H.M. Treasury have all got their regu- on 
yields an indisputable social net return then the enterprise is in- latory functions to fulfil in association with the activities of port and 
trinsically good; whilst, if it yields a private net return, then it Uthorities. the 
may be intrinsically good or it may not. In the latter case, the In financial affairs, there are many port authorities, who, whilst be 
test is whether there is an adequate social net return in addition having entirely autonomous constitutions, have benefited from cert 
to the private net return. At the one end of this argument stands time to time by Government assistance. In times when overseas sun 
the last disciple of the extremist school of laissez-faire: at the other trade has been bad, home industries depressed, unemployment for 
end, the believer in state ownership of all public utilities and much gfowing and port revenues poor, the Government of the day has pre 
else. Commonsense is to be found, as always, somewhere be- Often found it advisable to make grants or low-interest-loans to the 
tween them—convinced, on the one hand, that the police force, pprt authorities to enable them to absorb some unemployed Th 
the administration of justice and the country’s defence (as workers and, at the same time, improve or extend their port cra 
examples) are jobs for national and local governments but equally facilities against the return of better times. In the United King- ext 
sure that a woman wanting a new hat will be happiest and best dom, the Distribution of Industry Act, 1945, makes special pro- hot 
satisfied if left to operate untrammelled as a potential customer vision for monetary assistance from the Government to facilitate Inv 
in a free hat market. transport by water and other services upon which the development an 
As Bonavia remarks, however, ‘‘ there is a frontier territory of the area depends, and there are similar enactments going back wil 
where private and public enterprises meet.’’ The dock and har- Many years. poof 
bour business is conducted on that frontier. In the present year, 1952, and for some time past, the national |. ac 
A country which must rely to any appreciable extent upon over- economy has been deemed to require measures of the opposite J) Cal 
seas trade, or to which the use of the coastwise seaway is import- sort—indeed, instead of receiving grants or loans from the Govern- 7) im 
ant, must have a continuous care for the proper development of ment, port authorities are being very largely discouraged from Th 
its seaports. The best expression of that care may often be to bortowing money, on their own responsibility, in the open market, by 
erant to the responsible port authorities, after due consideration for the purpose of improving their undertakings. This is part of bil 
and with sensible safeguards, such statutory and other powers as__ the policy of general restriction of capital investment designed as mi 
they may reasonably require, and then leave them alone to get one of the measures to curb the danger of inflation. It is rea- be 
on with their vital work. Even so, the national economy will sonably urged by many responsible people that in public utilities | op 
touch port economy at many points. Some of them have been’ there must be a point, even in circumstances such as those now | ec 
mentioned earlier—the Customs Service has its work to do at the obtaining in the United Kingdom, where it becomes less dangerous | pi 
ports and its legal requirements to make of port authorities: the to spend than not to spend. It is a paramount aim of the pre:<nt Ca 
Immigration Service, the Port Health Service, the Inspectorate policy that production—especially production for export—must be Te 
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increased. The transport system of the country, including the 
docks and harbours, is essential to increased productivity. If the 
existing ports, with their existing berthage and present equipment, 
are capable of dealing with all the ‘ships and all the goods that 
the nation wants handling, and if the speed of working is all that 
it should be or might be, then port improvements may well be 
deferred. But, clearly, if that is not the case, then the national 
economy will benefit, both in the short run and in the long, if the 
port authorities are allowed to go ahead with all essential 
developments. 


Increasing and decreasing returns. 

It has Deen mentioned earlier that the generally accepted factors 
ot production are land, labour and capital. No one ot these 
three 1actors is perfectly substitutable tor either ot the other two, 
but, up to a point, the limitations ot one of them may be com- 
pensated for by increased use ot the others. It is this truth which 
gives rise to the economic laws of increasing and decreasing 
returns. It may be well to mention here that by ‘‘ returns ’’ the 
economist does not mean profits but gross product: and “‘ land ”’ 
is a wide term, inclusive of space, air, the sea, rivers and all 
natural resources. 

A port authority exists to produce and sell safe, eas ly- 
approached and well-equipped berthage for ships—at tidal quays 
it it owns no enclosed docks, but also within the docks if such 
exist. The authority also has something to sell to the importer 
or exporter—namely quay facilities and, very often, shed or ware- 
house accommodation. If the authority goes in for stevedoring 
on its own account, it will also provide and sell loading and dis- 
charging services. : 

For port authorities,- probably the most likely situation affected 
by the laws of increasing and decreasing returns occurs when the 
possibilities of the ‘‘land’’ factor have been temporarily or 
finally exhausted and the attempt is made to get more production 
by introducing more capital or more labour or both. Suppose a 
port authority to have jurisdiction over a given harbour and river 
and suppose that the available waterfront has been completely 
equipped with quayage so that no more “‘ land ’’ is available for 
quay construction: suppose, moreover, that the authority has 
spent a certain sum of money in equipping the quays with sheds, 
cranes and railway lines, and in providing locomotives and wagons, 
and is also regularly paying out a certain sum in wages to work- 
people to look after the quays and to operate the appliances. At 
any given moment, by calculating the interest on money spent 
on the facilities plus the total wages cost of their maintenance 
and operation, it will be possible to determine the money cost of 
the facilities and services provided. Theoretically, this cost can 
be related to each unit of the existing volume of production—a 
certain sum for every foot of berthage made available, a certain 
sum for every cubic yard of warehouse space and a certain sum 
for every ton of goods loaded or discharged. Suppose there is 
pressure on the existing facilities and it is desired to increase, to 
the utmost capacity, the total volume of facilities and services. 
There is no more land, so it is decided to increase the number of 
cranes-and crane drivers, and engines and engine drivers, to build 
extra stories over the sheds, and to work all the berths for 24 
hours a day instead of (say) the existing 16 hours. This means 
investing additional capital and spending more money on labour: 
and the volume of production will certainly be increased. There 
will be more loading and discharging capacity, more availability 
of quay accommodation and more space-tons of warehousing 
accommodation. It may well be that this new ‘nvestment of 
capital and new expenditure on labour will, up to a point, result 
in additional production at the same unit cost as formerly obtained. 
This would be a phase of constant returns. It might even be, 
by reason of skilful planning and a shrewd appraisal of the possi- 
bilities, that, for a time, the overall cost of one unit of production 
might be lowered in comparison with the old regime. That would 
be a phase of increasing returns. But. as exverienced port 
operators well know, there ultimately comes an end, in quavside 
economics, to the proverbial task of trying to get a quart into a 
pint vot. Overcrowded cranes cannot work to anvthing like 
canacitv: transit sheds quickly filled cannot be emptied with cor- 
responding speed: goods stacked to a great height, or carried by 
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lifts to and from upper floors, take more time to handle and cost 
more in the process: in other words, the phase of diminishing re- 
turns has set in, and extra infusions of capital and labour do noi 
produce anything like the old results. he end of this process 
is reached when the resultant increase in facilities and 
made available is so slight as not to be worth the extra outlay. 

A simple, everyday example of diminishing returns at the 
quayside is seen in the practice, frequently adopted in the interests 
of ship turnround, of ‘‘ double-banking,’’ that is, putting two 
cranes to work at one hold of a ship. The constant factor is 
“land ’’—that is, the size of the hatchway and working space 
available in the hold and around the quayside pitches. rhe 
stepped-up factors — by no means perfectly substitutable for 
““Yand ’’ — are capital (two cranes instead of one) and labour 
(two gangs instead of one). Every quayside operator knows very 
well that by double-banking he will get faster delivery per hou 
from the hold than he would get from single crane working, but 
he also knows that he will not get twiee as much. And if he has 
to resort to double-banking at night, by artificial light and paying 
overtime rates, he will get still less production for each man-hour. 
The explanations are natural and human enough, but there is no 
doubt that, in such circumstances, returns are of the diminishing 
order. 


services 


Some comparisons with other forms of (r<asport. 


Transport is moving persons and things. In our day, such 
movement takes place in ships across the seas, in smaller vessels 
along sea coasts, in yet smaller craft along rivers and canals, in 
railway trains (steam, electric, diesel, overland, overhead or 
underground), in road transport vehicles and in aircraft. Port 
undertakings are not so much transport arms as transport junctions 
or transhipment stations: but it may possibly interest the student 
and general reader to consider briefly some points of similarity 
and dissimilarity between port undertakings on the one hand, 
and, on the other, the arms of transport radiating to and from 
them—more particularly in the sphere of finance. 

In the United Kingdom, the port undertaking and the water- 
borne vessel have one point of likeness and one of extreme unlike- 
ness. They are similar in that they share the distinction of being 
the oldest co-workers in the business of transport; and they are 
dissimilar in that the financial structure of port undertakings 
generally reflects their public utility character: whilst the business 
of owning and operating ships remains as an outstanding example 
of private enterprise, commercial independence and merchant 
adventuring. Through the ages, their close association has been 
a marriage of opposites—a marriage, nevertheless, productive of 
some of the most vigorous and healthy elements. in our national 
life. It may, however, not be out of place to remark here that 
there is a sharp need, in our day, for a special renewal of close 
and continuing co-operation between shipowners and port author- 
ities; and this need springs from the basic difference between the 
economics of shipowning and those of port undertakings. A 
firm builds a ship in the entirely praiseworthy hope of making a 
profit out of her; they expect to run her for (say) 25 years 
and she will have all the sea to move about in; and the dominating 
principle governing her design and dimensions is the carriage of 
the greatest amount of cargo or the largest number of passengers 
that can be safely and profitably transported.. As against this, 
a port authority lays out its facilities to serve as many different 
sorts of ships and cargoes as possible; the capital investment is 
often very great indeed—so great that it takes much longer than 
25 years to redeem it; the site is often restricted and there are 
apt to be many and various limitations upon design. These 
differences between the two economic bases are of radical import- 
ance. Clearly, the shipowner proposing to build a new ship is 
normally in more flexible circumstances than a port authority 
thinking of constructing new locks, docks and quays. It has 


lately been suggested, on behalf of shipowners, that port author- 

ities should continuously build facilities to keep abreast of the 

requirements of new ships; but it will be evident to all that there 

is also much to be said for looking at the matter the other wav. 

Certainly it would seem that a stage has been reached when fresh 
(continued at foot of following page) 
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vage operations is one which has, for some time, been 

carefuliy considered by experts, and it has been brought 

nearer to fulfilment by the use of this technique during the 
search for the wreck of H.M.5. Affray in the spring of 1951, when 
many difficulties and hazards were successfully overcome. 

Scientists considered that the work might be greatly speeded 
up by the use of an underwater television camera, and the results 
actually achieved, exceeded the most optimistic hopes held at the 
start of the trials. Work was started at the beginning of May 
1951 on the construction of an underwater casing to house the 
most suitable available television camera chain, and as speed was 
an essential factor in this work, no attempt was made to refine 
the design beyond the bare requirements of utility. No previous 
information was, at that time, available on the design or perform- 
ance of underwater television, but considerable scientific research 
had been carried out on the performance of modern television 
chains and underwater cinephotography, the latter subject having 
been well covered in an article entitled ‘‘ Underwater Photo- 
graphy ’’ by J. B. Collins.* 

The completed apparatus was installed in the deep diving ship 
H.M.S. Reclaim which sailed on May 27, 1951, equipped for the 
first time with this pioneer form of underwater eye. The tele- 
vision camera chain used was portable equipment manufactured 
by Marconi’s Wireless Telegraph Company which is a type often 
used by the B.B.C. for outside broadcasts. On this occasion, it 
was worked on B.B.C. standards of 405 lines and 25 frames per 
second, interlaced. It incorporated an Image Orthicon pick-up 
tube made by the English Electric Valve Company. This is the 
most sensitive type of camera pick-up made, but it is also very 
complex, and later we shall consider it in detail. 

The waveform generators and camera control equipment were 
installed, mainly for security reasons, in the captain’s cabin in 
H.M.S. Reclaim and connected to the camera which was worked 
from a derrick on the well-deck, by 500-ft. of multicore cable 
specially provided by the British Insulated Cable Company with 
an extra heavy protective sheath of polyvinyl chloride. Apart 
from a small screen for the benefit of the camera control operator, 
and also used for photography, the main viewing screen was an 
English Electric domestic television receiver adapted to accept 
signals straight from the camera chain. No modifications were 
made to the electronic circuit but some additional instrumentation 
was added, using spare cores in the camera cable which normally 
carry communication to the camera operator. These included 
remote operation of a fan and heater, with indication of the tem- 
perature in the camera, since maintenance of correct temperature 
is essential for correct operation of the pick-up tube. A remote 
reading level meter and a very ingenious leak detector were also 
fitted. 

The underwater casing was a welded steel cylinder 24-in. long 
and 17-in. in diameter, similar in appearance to a domestic dust- 
bin. The bottom end was made detachable by a flanged and 
bolted joint with unmachined surfaces, and to this was attached 
the camera, window mounting and cable gland. No space was 
available for shock absorbent mountings and advantage was 
therefore taken of the inherent springiness of the camera bracket. 
The window was of ordinary plate glass with a clear aperture 3-in. 
in diameter and having a thickness of §-in. At the time of manu- 
facture, maximum expected operating depth was about 200-ft.; 
the casing has, in fact, stood up to a depth of 285-ft. and some 
considerable bumping. This must be attributed to a certain 
amount of luck and to some experience in design, rather than to 
anv carefully calculated factor of safety. 

One of the most ingenious and simple gadgets incorporated in 


‘TL possibility of employing underwater television in sal- 





*Journal of the Royal Naval Scientific Service, November 1949. 


the casing was a piece of blotting paper placed in a suitabk § 
position within the casing, the electrical resistance of which could | 


be continuously monitored from the surface. Any leakage of sea. 
water reaching the blotting paper resulted in low electrical resis 
tance. This was simple enough to be completely reliable and was 
nicknamed the ‘‘ dampometer ”’ 
serious damage on one occasion and has always been a great com. 
fort to the remote operator of the camera. Apart from ‘‘tecthing 





The new Marconi underwater television camera undergoing tests in 


a tank at the laboratories of Siebe, Gorman and Co. Ltd. Left, the 
camera; right, the pressure casing showing the lens window. 
trouble’’ due to a cracked brazed joint in the casing, no leaks 
have occurred. On one occasion, the outer sheathing of the 
camera cable was punctured at a distance of about 60-ft. from the 
camera, and the water forced its way down the cable into the 
camera itself. It is a tribute to the cable that, until shown on 
the “‘ dampometer,’’ there were no electrical indications_that it 

had been flooded. 
On two occasions, when operating below 250-ft. the camera 





Port Economics 
(continued from previous page) 
and full consultation between port authorities and shipowners is 
urgently necessary. 

We can think of the main transport system of the world as being 
made up of ships, ports, rivers, canals, railways, road transport 
and the air route. When the various agencies are thus grouped 
in a single sentence one fact immediately stands out—some get 
their track for nothing, others have to make and maintain track 
as well as vehicles. For railways, track costs make heavy de- 
mands on capital and on revenue; the airplane and flying boat 
get theirs free; the ocean liner has free track at sea but usually 
pays for the use of harbours, rivers or docks; the canal carrier 
pays a toll; the road transporter uses an artificial track made at 
the public expense for general use and he contributes something 
towards its upkeep; whilst port authorities control harbours and 
rivers but most often have to invest capital and expend revenue 1n 
order to make and keep them suitable for use. 

There is an interesting similarity between air transport and a 
port authority owning and operating enclosed docks, in that m 
both cases large sums of money are always being spent in order 
to do something which is against natural laws. A large part of 
the expenditure on aircraft is required simply to defeat the pull 
of gravity; whilst the heavy cost of building and maintaining 
enclosed docks is undertaken to avoid tidal effects. A wise and 
experienced port manager of the last generation once remar! ed 
that it is fairly easy to make money in the river but even easier 
to lose it in the docks. 
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came up with a cracked window; in both cases it also had a 
severe bumping, but no water had leaked through the cracks, 
complete collapse of the window having been prevented by the 
very wide gripping area of the window mounting. The mounting 
was therelore replaced by a more rigid structure and the thick- 
ness of the window was increased to j-in., since when no further 
damage lias occurred. Lighting was provided by a 1} kW tung- 
sten diver’s lamp lashed to the tubular frame, the purpose of the 
latter being mainly to support the lighting, but it also acted as a 
protector for the camera and as a structure on which it could 
safely rest when swung inboard. 

A shield prevented direct light from reaching the lens and 
minimised the illumination of the water path between the lens 
and the object. For optimum visibility the source of light should 
have been further from the camera, but for ease of handling the 
frame, the one actually used was the largest practicable, and when 
this was rendered unusable by repeated damage in collision with 
wrecks, it was replaced by a smaller structure. Sheet metal fins 








The control desk of the Marconi underwater television camera showing 
the remote control equipment and master monitor. 


were originally used to keep the camera steady in a tideway, but 
these were later discarded as unnecessary. 

Development of the underwater television apparatus since then 
was carried out mainly at Tolworth, Surrey, by close collabora- 
tion between Siebe, Gorman and Co., Ltd., and Marconi’s Wire- 
less Telegraph Co., Ltd. This collaboration is essentially prac- 
tical, since problems of the underwater world are quite outside 
the experience of the radio industry, and the solution of many of 
the difficulties encountered by this new technique would never 
have been possible without the aid of expert knowledge of sub- 
marine conditions. 

Underwater television starts with a marked advantage over 
other means of submarine exploration, as a camera within a pres- 
sure-casing is capable of seeing all that a man in a diving bell can 
see. Indeed, in this particular case, it can see far more, because 
the Image Orthicon is the most sensitive type of instrument of its 
kind yet evolved, and is, in fact, more sensitive than the human 
eye. It has already proved itself capable of reporting to the tele- 
vision screen far more detailed and reliable material for study, 
scruliny and recording than can be obtained from reports and 
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Diving Equipment and Appliances—continued 


samples of divers, and it is able to work under water tor a tar 
longer time than a diver can. Moreover, it can go deeper than 
a diver, and it can be raised and iowered much more quickly; it 
can also be used in places too dimcult and too dangerous tor a 
diver to reach. The pictures that it sends to the screen can be 
examined by experts in comtort, tree from distraction and danger, 
and therefore able to form a caretul and balanced judgment of 
underwater conditions. In addition, pictures can be photographed 
off the screen for detailed analysis and permanent record. 

Identification of the submarine H.M.S. Affray gave ample proof 
of the surprising versatility of the Marconi camera and the sen- 
sitivity of the Image Orthicon tube. At a depth of 285-ft. below 
the sea, by the light of a single 14 kW diver’s lamp, this remark- 
able instrument had picked out from a distance of about 8-ft. the 
six-inch brass letter Affray on the grey conning tower of the 
submarine, and it gave a clear image of them on the screen in the 
captain’s cabin in H.M.S. Reclaim. In later tank experiments, 
it was found to be capable of providing reasonable pictures from 
a depth of 80-ft. even by natural daylight. 

Modifications necessary to the camera itself mainly concerned 
problems of remote control. The present equipment comprises 
a standard Marconi Image Orthicon camera adapted for remote 
control of focus and iris, mounted in a pressure casing and linked 
to the controls in the ship through a specially designed gland by 
a multi-core camera cable specially sheathed for underwater work. 
Mounted in the ship at the other end of the cable are the controls, 
the waveform generators and the monitors with viewing screens. 
Instead of the four turret-mounted interchangeable Dalmeyer 
lenses carried by the standard camera, a single special wide-angle 
lens is fitted. A small electric motor attached to the camera 
operates the focus and iris of the lens. Since the Image Orthicon 
tube depends on the maintenance of an even temperature for its 
most efficient working, provision had to be made for a fan and 
heating apparatus. ll these controls are effected through spare 
channels in the standard multi-core cable. 

The pressure cylinder is fabricated by welding of mild steel 
5/16-in. thick, 29-in. long with an internal diameter of 19}-in. 
and a maximum external diameter of 22-in. over the single flange. 
The camera itself is mounted on a plate welded to the back plate 
of the casing to which is also attached to the camera cable gland. 
The front plate of the casing carries the window, a spherical view- 
ing port }-in. thick and slightly less than 5-in. in diameter, 
specially made for the purpose. Problems arising from the con- 
trol of this casing, and of the camera inside it, have called for the 
provision of an indicator showing the inclination of the unit and 
the device known as the ‘‘ dampometer ’’ for indicating leakage, 
to which we have already referred. Artificial illumination of 
underwater subjects can be provided by lamps mounted on a 
gantry surrounding the pressure-casing and controlled from the 
ship. 

The dock and harbour engineer will obviously be interested in 
the problems of controlling this apparatus in tidal waters at dif- 
ferent levels and subjected to the action of conflicting currents, 
so that for efficient use the camera must be capable of easy and 
rapid traverse and elevation. Also it has to be aimed at, and 
kept on, the target under view. Northern waters are murky even 
at the best of times, but apart from this, detailed observation 
means close observation, which in turn means that the camera 
has to be handled with precision. Handling gear must therefore 
be extremely flexible, and the present practice is to suspend the 
casing on a }-in. diameter non-spin wire swung outboard on the 
ship’s own derrick. In practice it is found that flexibility and 
control are not easily compatible under submarine conditions. 
One of the most profitable uses of underwater television for dock 
and harbour work is likely to be examination of objects on or 
near the sea-bed, but a camera suspended from a vessel rising 
and falling on the surface will certainly need some form of com- 
pensatine gear to maintain it in position anywhere near the sea- 
bed itself, so as to prevent it from repeatedly being " pumped 


on the floor. } 

It should be borne in mind that underwater television is still 
in the verv early pioneering stage. and it is therefore necessarv 
to keep the role of this new and valuable technique in proper 
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Diving Equipment and Appliances—continued 


perspective from a practical engineering viewpoint. It is sug- 
gested, however, that it will be possibie to employ a pair of 
underwater television cameras in such a manner that a pair of 
photographs can be taken of some underwater object, such as a 
wreck, so that the overlap is about 60 per cent., and a stereo- 
scopic pair of photographs can thus be obtained by suitable 
adjusiment of the spacing between the cameras and the television 
screen in the cabin on board the ship. Such spacings will, of 
course, correspond to the spacings of the two television cameras 
under water and their distance from the wreck. A complete sur- 
vey of the wreck can thus be made by these means, as it should 
be possible to obtain stereoscopic pairs of photographs from 
various positions and then construct a scale model of the wreck 
in the same manner as similar sets of photographs are employed 
in air surveys. 

Such a precise scale model would be of value to salvage experts, 
as they would be able to see on the model the relative position 
of every deck fitting and other parts of the vessel, and then plan 
operations so that no time would be lost. The survey would also 





A photograph taken from the television screen showing underwater life 
at low depth where it would be impossible for the human eye to 
identify anything. 


disclose the amount of silting against the hull, the precise angle 
at which it was lying, and, in fact, would give a three-dimensional 
view of conditions, which would be of great practical value. It 
is interesting to note, in passing, that when H.M.S. Breconshire 
was salvaged off Malta by the Admiralty Salvage Organisation, 
use was made of a 12-ft. scade model for studying the stability 
conditions of the hull. 

During the diving period from May 27th to June Ist, 1951, experi- 
ence was gained in the operation and handling of the underwater 
television gear from H.M.S. Reclaim. In conjunction with 
observations by divers, increasing confidence was felt in the ability 
of the camera, not only to identify the nature of a wreck, but also 
to help the diver so that his shot-rope could be placed in a suit- 
able position. Problems of handling the camera proved, in the 
event, not to be so difficult as had been anticipated. To move 
the camera to a desired position, the whole ship was shifted by 
altering the mooring cables and/or wire. Range of visibility 
proved to be at least 15-ft. and often more, when the diver’s 
visibility was only 5-ft. This may have been partly due to the 
superior lighting provided for the camera. The somewhat re- 


stricted field of view, and lack of facilities for altering the direction 
of view when under water, limited the area of wreck which could 
be scanned at one time, and rendered the building up of a com- 
The camera could be used, 


plete mental picture rather difficult. 


however, for at least two hours every slack water, as opposed ty 
the few minutes possible for the diver, so that the amount oi extra 
intormation gathered was very considerable. 

During the next diving period from June 6th to 16th, results a 
first were similar to those obtained during the previous trials, 
Confidence in the camera had increased to such an exteni that 
one contact was identified and cleared in two days by the use of 
the camera without any diving being necessary. On the e ening 
of June 13th orders were given to H.M.S. Reclaim to investigate 
a contact further south than the previous search area, and in q 
reported depth of 47 fathoms. By midday slack water on the 
14th the contact had been located and H.M.S. Reclaim was 
moored over it. It was decided that, owing to the depth, the 
Reclaim observation chamber should be employed. It reported 
a wreck, not very clearly seen, which could be a submarine. The 
camera was then lowered cautiously until the viewers in the cap- 
tain’s cabin of H.M.S. Reclaim saw the name Affray on the screen 
and there was then no further doubt about the matter ; some 
hours later divers were able to identify the submarine by normal 
methods. 

Photographs published in the press at the time were merely 
snapshots taken with a hand-held camera of the television screen, 
so that there was inevitably loss of quality. The information that 
the Affray had been found was released on July 14th solely on the 
evidence provided by underwater television. 

Further work carried out on the site of the wreck of the Affray 
is of considerable interest to those who are concerned with sal- 
vage and similar problems. Much of this survey was carried out 
with the television camera, and some two hundred detail photo- 
graphs were obtained of various parts of the hull and fittings which 
have proved to be of great practical value in helping the delibera- 
tions of the Board of Inquiry into the disaster. Recovery of the 
damaged snort mast, the head of which was lying on the sea-bed 
at a depth of about 280-ft., was a hazardous diving operation in 
which the camera played a very important part. It was used 
to place the diver’s shot, weighing half-a-ton, within a few inches 
of the snort’s head, and to ensure that the shot-rope was clear 
of the periscope standards to enable the diver to descend in safety. 
In all, the shot was positioned five times before the lifting wire 
was finally secured to the head. Time séaved by using the camera 
for this purpose was, in the opinion of the diving experts, about 
a month. The value of the diver being able to see an object 
before he descends need hardly be stressed, and this new facility 
is likely to have a profound effect on the conduct of salvage opera- 
tions in the future. 

The camera has also been successfully employed in the operation 
of a salvage grab and of an electro-magnetic ‘‘ grab.’’ The 
direct pictures obtained of these made manceuvring far simpler 
than is normally the case by telephonic communication with an 
observation chamber. The ability to employ a television camera 
in conjunction with various remotely controlled underwater tools 
such as grabs and erapnels, is likely to facilitate work on wrecks 
and salvage operations generally. As far as deep diving is con- 
cerned, it has now established itself as an essential adjunct to 
such operations. Steps are now being taken to provide an im- 
proved version of the apparatus used on the Affray, which will 
have a casing of improved design, and will be provided with 
facilities for focussing the camera optically. for changing lenses 
and for alterine the aperture under water. Field of view will be 
much greater than before, and the possibility of using sphericah 
windows will be investigated, thereby increasing the field of view 
still further. 


New Medical Centres at Hull. 

Two newly built Medical Centres at the King George V Dock ind 
Alexandra Dock were opened at Hull early last month by the 
National Dock Labour Board. The new centres are modern and 
unique in design and are the first to be provided in the Hull and 
Goole area. A smaller centre at Victoria Dock is nearing comple- 
tion, and a site has been cleared and foundations laid for a similar 
centre at the Royal Dock. The number of Medical Centres now 1n 
operation is 33, covering 17 ports, and the fact that more than 
240,000 treatments were given during 1951 is a measure of the 
value which dockers attach to the new service. 
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High Manganese Steel 


High or austenitic manganese steel was first discovered by 
Robert Hadfield in 1882 in the endeavour to discover a steel suit- 
able for the wheels of tramway cars. It is an exceptionally tough 
alloy of non-magnetic type, its characteristic properties being high 
strength, high ductility, and excellent resistance to wear. It can 
be obtained in either rolled bars or castings, and has a wide indus- 
trial application, being probably the best possible material for 
those parts in which maximum resistance is required to abrasion 
severe impact. 

Before its invention, a metal possessing great ductility and hard- 
ness at one and the same time was not available to industry. In 
unalloyed steels, to obtain greater hardness it is essential to 
sacrifice a measure of toughness, or on the other hand, if greater 
toughness is required, a degree of hardness must be given up. 
This is not the case with high manganese steel. 

It contains approximately 12 per cent. of manganese, though the 
permissible range is 11 to 14 per cent., with 1.2 per cent. carbon. 
On average, the composition usually lies between 12 and 13 per 
cent. because the lower limit of the range gives a steel with lower 
tensile strength, while the upper limit does not give advantages 
sufficient to compensate for the higher cost. The carbon content 
has a degree of influence on the yield strength, which is lower as 
the carbon content decreases. Carbon above 1.2 per cent. is liable 
to make heat treatment more difficult. 

Although, as we shall see, the tensile strength of manganese 
steel is a useful indication of its toughness, the most remarkable 
property of the material is its resistance to abrasive wear. It is 
not hard in the generally accepted sense of the term. The Brinell 
number, when the steel has been toughened by quenching it in 
water, being from 187 to 207, even when it has been forged and 
heat-treated. Ordinary steel, however hard, can be readily 
machined, if heated and then allowed to cool slowly, but neither 
this nor any other procedure can render manganese steel readily 
machinable. This fact has, to some extent, limited its use, because 
of the difficulty of cutting it to shape. Commercially, it can only 
be cut or drilled by either super-high-speed steel tools containing 
a high cobalt content or by tungsten carbide tipped tools. For 
drilling, it is essential to employ short, stubby twist drills of special 
design and using a special technique, the principal features of 
which are that the material must be drilled dry and with no inter- 
ruption of the cutting operation, which must be continuous. 

The ductility of manganese steel, a particularly valuable pro- 
perty, can be considerably influenced by the rate of cooling after 
heat-treatment. Sudden cooling makes the material extremely 
ductile, whereas slow cooling renders it brittle. 

What, then, renders the machining of this steel so difficult ? 
The answer is briefly, that when the steel is subjected to deforma- 
tion by cutting, crushing, rolling etc., its molecular surface struc- 
ture is altered, and its hardness may be more than doubled. This 
Is not because of any change in composition, nor a result of raised 
temperature, but is solely the effect of structural deformation. It 
will be appreciated that a lathe tool will cause deformation of the 
surface structure, so producing the superficial hardness that makes 
it difficult to turn or drill the steel. Figs. 1 and 2 clearly show the 
alteration brought about in the structure of the steel by cold work- 
ing. This effect is known as work-hardening. 

As an illustration of the toughness of the material, tests taken 
on 4-in. diameter dredger pins are given below. The test pieces 
were forged from pins chosen at random, and were water-toughened 
from the same temperature as the pins they represent. Four 
different casts of steel are represented by these tests, and the 
figures afford striking proof of the exceptional toughness of the 
material. The bend tests consisted of bending a piece }-in. square 
to an angle of 120 degrees, and afterwards doubling it up flat with- 
out its revealing any signs of fracture. 





Test Testpiece Max. Stress Elongn. Rednetion of Area 
vo Size per sq. in. per cent. per cent. 
.564 dia. x 4-in. 76.0 75.0 42.0 
ditto 74.0 72.5 44.1 
3 ditto 74.9 76.0 54.2 
ditto 74.1 55-6 


75-0 
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The composition of the steel also includes from 1 to 2 per cent. 
silicon. Sulphur and phosphorus are present as impurities, but 
are kept as low as possible. 

A property of great importance from the point of view of the 
user is the relatively low elastic ratio, the significance of which is 
that there is a great disparity between the point at which, under 
load, the steel first takes a permanent set, and that at which it 
eventually breaks. 

Manganese steel is beyond question the best material for all pur- 
poses in which heavy wear has to be met, by reason of its tough- 
ness, exceptional surface-hardness when abraded, and low elastic 
ratio. A distinction must, however, be drawn between heavy 
wear and heavy shock or percussion. When it is necessary for a 
part to withstand severe shock, it is not always advisable to make 
it of high manganese steel, which tends to flow or spread laterally 
in these circumstances, by reason of the low elastic ratio. It is 
always advisable to consult the steel manufacturer wherever there 
is doubt concerning the steel’s suitability for a particular part or 
purpose. 

















Fig. 1. Austenitic manganese steel in the water-toughened condition. 


What makes manganese steel ideal for such parts as dredger 
buckets, lips, pins, bushes, and links, is its ability to work-harden. 
The maximum hardness attainable in practice is about 550 Brinell. 
Hardening is produced by deformation, so that any attempt delib- 
erately to harden the material by working it must make suitable 
allowance for lateral flow. Work hardening is generally induced 
by impact, as from the blows of a hammer. Light blows, even 
if of high velocity, will set up shallow deformation with surface 
hardening, though the surface hardness may be considerable. 
Severe impact sets up deeper hardening, usually with lower maxi- 
mum values. ; 

When high manganese steel is being considered for abrasive 
service in dredging plant, excavating machinery, crushing and 
grinding machinery, trackwork, etc., the primary factor in selec- 
tion should be toughness rather than ability to withstand abrasive 
wear. If impact and shock are absent, as in pipe carrying sand- 
laden water, a martensitic cast iron is a much superior material. 
If light or moderate impact is likely to be encountered, a hardened 
steel may be suitable, but skilled judgment is necessary before 
giving up toughness in favour of resistance to abrasion. On the other 
hand, if heavy impact is expected or a large safety-factor required, 
high manganese steel is the best choice. The initial cost of the 
part must also be taken into account. If the cost of replacement 
is heavy and length of service life of maximum imovortance. while 
the abrasive wear is known to be severe, then high manganese 
steel may be essential, even if not so tough as alternative materials. 

It has been suggested that unless it has already been work- 
hardened, high manganese steel is not adequately wear-resistant. 
This is untrue. The longer service life of the steel as compared 
to other metals in certain conditions of service has led users to 
assume erroneously that the vastly longer life is the result solely 
of the work-hardened of the surface of the steel. There are, it 
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must be pointed out, instances in wnich tne resistance ot high 
Manganese steel to abrasion 1s Nol greatly amected Dy work-hard- 
ening, and others in which it wul oucwear even tne harder pearuuc 
white Cast irons in the absence OI work-hardening. Manganese 
steel 1s not sumciently resistant to wear trom an air-borne stream 
ot abrasive particles, so that there is no advantage in using it tor 
such service. 

The properties of high manganese steel at elevated temperatures 
are less good than those of the staimiess steels or heat-resisting 
steels, and in addition, this steel is liable to become brittle when 
heated, so that it should be rejected tor any work involving tric- 
tional heat liable to rise above 260 deg. C. Neither is high man- 
ganese steel resistant to corrosion. It is readily attacked by rust, 
and conditions involving corrosion and abrasion in combination 
are liable to cause rapid and uneconomical deterioration. 

Like most steels with an austenitic structure, manganese steel 
retains its toughness at low temperature, and has its best properties 
at temperatures between I00 and 200 deg. C. It expands similarly 
to other materials of austenitic type. The anticipated change in 
length during heating is about 14 times that of the ferritic steels. 
The coefficient of linear expansion at room temperature is 0.000018- 
in. per in. per deg. C. Being non-magnetic, the steel in either 
cast or wrought iron form is probably the strongest and most 
economical steel for non-magnetic parts such as lifting magnet 
covers. 

Additions of nickel to the standard composition of austenitic 
manganese steel do not alter its yield strength appreciably, but a 
higher tensile elongation is obtained. A lower carbon content is 
much more influential in producing toughness without quenching, 
and as the addition of nickel appears to prevent the lower intrinsic 
toughness of 12 per cent. manganese steels with low carbon content, 
a range of steels with 0.6 to 0.9 per cent. carbon and about 3 per 
cent. nickel has been introduced for welding rods, wrought pro- 
ducts, and occasionally for cast parts. This alloy is also better 
than the standard alloy in resistance to embrittlement resulting 
from reheating up to 420 deg. C. 

A chromium cast manganese steel is another innovation, said to 
have higher yield strength and resistance to flow, slightly better 
resistance to corrosion, and smaller liability to embrittlement by 
reheating. There are also claims that it has a higher degree of 
wear resistance than the standard composition, but this has yet 
to be established. 

Dredger pins and bushes made from this material, i.e. the stand- 
ard composition, are usually tested in ring gauges for the outside 
diameter. The bushes are tried in pin gauges for the bore, to 
ensure that the requisite accuracy is obtained. Diversity of opinion 
exists as to the relative merits of forged or cast split bushes. 
Advocates of the cast bush claim that it can be produced more 














Austenitic manganese steel in the water-toughened condition 
after cold working. 


Fig. 2. 
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Actual photograph showing superior wear resistance of high 
Manganese steel dredger pins. 


Fig. 3. 


quickly and sold at a rather lower price than the forged type, at 
all events in the larger sizes. On the other hand, many users 
regard the forged type as superior because the additional work 
put into the steel by the forging operation improves its structure. 

As an example of the superior resistance of high manganese 
steel Fig. 3 may be of interest. It shows the state of two sets of 
high manganese steel dredger pins after about six months of 
dredging. 
the beginning of the season, so that all the pins were working 
under the same conditions. 
harbours with extremely hard and rocky bottoms. The pins on 
the left were made of austenitic maganese steel. The others were 
made of a less effective material. In addition to pins and bushes, 
other parts of dredgers are made of this wear-resistant steel. 
Dredger parts are, of course, subjected to hard wear and severe 
strains. The lip of the bucket which scoops out the material 
naturally receives most of this, and in consequence it was at one 
time usual to secure a detachable and renewable high manganese 
steel lip to the permanent bucket. This did away with the neces- 
sity of renewing the entire bucket when the lip wore out. This 
trouble has now been overcome in other ways. Dredger tumblers, 
bucket backs, chain links, etc. are made from this steel. Some 
tumblers are made solid, with no splits whatsoever in the boss, 
and these have proved most successful; not in one instance has the 
shaft worked loose, as was often the case with tumblers having 
split bosses. 

The steel can be supplied in the form of cast parts, rolled bars, 
sheets, forgings and rails. In the forged and heat-treated con- 
dition it has a tensile strength of 5 tons per sq. in. and over, and an 
elongation of about 40 per cent. in 4-in. The steel shrinks much 
more than ordinary cast steel when cooling, and therefore an allow- 
ance of 5/16-in. per foot must be made for patterns for castings. 





DREDGING. 





DREDGING CONTRACTS WANTED. 


Dutch dredging firm, with modern plant, wants to contact contractors 
or agents to secure dredging contracts in any part of the world. Box No. 
139, “‘ The Dock & Harbour Authority,” 19, Harcourt Street, London, W.1. 





TENDERS. 


ARGYLL COUNTY COUNCIL. 
Gott Bay Pier, Tiree 
Reconstruction and Extension of Pier Head. 

The Council is prepared to receive Tenders for the Construction of a 
new Tee-shaped Pier Head of R.C. Flat-Slab Construction having a deck 
area of approximately 800 square yards. 

Contractors wishing to tender should apply for Contract Documents 
and Drawings to the County Engineer, Lochgilphead, Argyll. ; 

Sealed tenders marked “Gott Bay Pier” should be lodged with the 
Subscriber not later than 19th May, 1952. 
County Offices, 

Lochgilphead. 
8th April, 1952. 





A. D. JACKSON, 
County Clerk. 





An equal number of pins of both makes were put in at | 


This dredger was used in dredging | 
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FOR SALE. 
6—1 on Hydraulic Wharf Capstans, by Glenfield & Kennedy, Ltd. 


3? Ton Hydraulic Wharf Capstans, by Vickers Armstrong & Co., Ltd. 
So. 136. “ The Dock & Harbour Authority,” 19, Harcourt Street, 


London. W.1. 





ENGINES FOR SALE 


CROSSLEY Marine Diesel Engine, 240 h.p. at 300 r.p.m., 4-cylinder, 2- 
stroke. type HRL4 Compressed air starting, direct reversing. Engine No. 
132207. Year of manufacture 1944. Requires some reconditioning. Space 
urgently required. Offers wanted. COLNE FISHING CO., LTD., 8, 
Waveney Road, Lowestoft. Telephone 732. 











—_—- 


For sale : 


HOPPER BARGE 


of appr. 275 cub. yards. Price £5,000 


B 


Write Box 137, “Dock & Harbour Authority,” 
19, Harcourt Street, London, W.1. England. 








For hire : 
Complete set of 
dredging plant, 


B. J consisting of Bucket-dredger, Reclamation- 
dredger, barges and tugs. Immediately available. 


Write Box 138, “Dock & Harbour Authority,” 





19, Harcourt Street, London, W.1. England. 








W. R. Sykes 
Interlocking Signal Co. Ltd. 


26 VOLTAIRE ROAD, CLAPHAM 
LONDON, S.W.4 
ENGLAND 





Railway Signalling Engineers 





SIMPLIFIED APPARATUS 
AND 
SIGNALLING 
FOR 
DOCK AND HARBOUR 
RAILWAY 
INSTALLATIONS 
A SPECIALITY 


SCHEMES 








EIORENTINO 


ING. F.&Co.S.A. 


ROMA 
EXCAVATOR SPECIALISTS 
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Oil-burning Twin-Screw Hopper Dredger ‘* Otakou ’’ constructed for the Otago Harbour Board, Dunedin 
Speed loaded, 9} knots 


New Zealand. 


Dimensions: 258ft. x 46ft. x 20ft. 


Hopper capacity 2,000 tons. 


Dredging Capacity per hour, 1,000 tons. 


FLEMING & FERGUSON LTD. 


Phone: Paisley 4121. 


London Agents: Messrs. NYE & MENZIES Ltd., 


Capel House, 


SHIPBUILDERS & ENGINEERS, PAISLEY, SCOTLAND 


62, New Broad Street, 


To the Largest Dimensions 
and Capabilities. 


PATENT CUTTER HOPPER DREDGERS, 

PATENT DIPPER DREDGERS, BUCKET 

DREDGERS, GOLD & TIN RECOVERY 
DREDGERS, FLOATING CRANES. 


Hopper Barges, Screw Steamers, 
Side and Paddle Wheel 
Steamers, Tugs, Etc. 


Stern 


New Buckets, Links, Pins, Gearing, 
Etc., supplied for existing Dredgers, 


Tel. Add.: ‘‘Phoenix, Paisley.'’ 


E.C.2 Phone: London Watl 4846 





Allen, Edgar & Co., Lta. 

Barclay Andrew, Sons & Co., Ltd. 
Booth, John, & Sons (Bolton) Ltd 
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Conveyancer Fork Truck Co. 
Cossor Radio, Ltd. os 
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Crandall Dry Dock Engineers, Inc. 
Crossley Brothers Ltd. 


Docks & Inland Waterways Executive 


Dredging & Construction Co., Ltd. 
Elastic Rail Spike Co., Ltd. ... 
Ferguson Brothers, Ltd, 

Findlay, Alex, & Co., Ltd. 

Fiorentino Ing. F. & Co., S.A 
Fleming & Ferguson Ltd. 

Fowler, John & Co. (Leeds) Ltd. 
Gas Accumulator Co. (U.K.), Ltd. 
Goodyear Industrial Rubber Products 
Harbour & General Works, Ltd. 
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GRAIN SILO, RECEIVING HOUSE AND BOILER HOUSE AT HULL FOR 
MESSRS. SPILLERS LTD. 


CONSULTING ENGINEERS : 


OSCAR FABER & PARTNERS 


PETER LIND & CO 


LIMITED 
STRATTON HOUSE PICCADILLY, W.1 


C-H-A-I-N-S 


— for all purposes 
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Whatever your requirements specify VITA-LINK— 
the chain which gives strength, dependability and 
absolute uniformity of pitch. VITA-LINK chain is 
made of Flash Butt Welded Steel, and can be obtained 
in three qualities i.e. Mild Steel in accordance with 
B.S.S. 590/1949—High Tensile Steel—Low Carbon 1.5%, 
Manganese Steel. No matter what your chain problem 
our technical staff will gladly give advice and assistance 


without obligation. Consult us. 


Chain Developments Lid 


ALBION ROAD - WEST BROMWICH: STAFFS - PHONE WEST BROM 0787 





Hilton 
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THE “ LAMBERT-GARLAND ” 


PATENT SHIP MOORING BUOY 
Ahead of all other types 





Question. STABLE? 
Answer. It appears to be! 


Particulars from:— 


WILLIAM McNEIL & CO., LTD. 


125 WEST REGENT STREET, GLASGOW, C.2 
Telephone: CITY 7203. 





Cables: ‘‘ CHINDWIN ’’ GLASGOW 








CEMENTATION 


CONSTRUCTION 
Stabilising and  stanching coffer 
dams and other water retaining 
structures. Precementation of cut- 
offs and foundations. Piling. Soil 


investigation. Geophysical Surveys. 


REMEDIAL WORKS 


Concrete and masonry works, 


roads, canals, etc,, restored and 


strengthened in fabric and footings. 






MENTATION 


CoMP PA BENTLEY WORKS, DONCASTER, 
ENGLAND. 

























THE PORT OF 


BRISTOL 


PORT OF BRISTOL AUTHORITY, QUEEN SQUARE, SRISTOL. |, TEL: 2536). 





May, 1952 me May, 















‘“The Closure” 


Implies the conclusion of debate. And 
certainly inspection of a Booth Steel 
Rolling Shutter will provide conclusive 
evidence of the complete suitability of 
Rolling Shutters for applying the 
“Closure” against weather and all 
other unwanted intrusion. 
Illustrated :— Booth Electrically con- 


trolled Rolling Shutters at General 
Motors, Southampton. 





JOHN BOOTH & SONS (BOLTON) LID. 


FIREPROOF DOOR & SHUTTER DEFT.. 
STEELWORKS, BOLTON. 


HULTON 






























ELECTRICALLY OPERATED STEEL 


ROLLING SHUTTERS 





Telephone 1195 


— 
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| WE ALSO MANUFACTURE 
OTHER RAILWAY, DOCK 
AND HARBOUR EQUIP- 
©) MENT. INCLUDING THE 
| FOLLOWING:— 


oie ws coe, gaa 


: | LOCOMOTIVE & WAGON 
TURNTABLES. 


WHEELDROPS. 


|} LOCOMOTIVE CARRIAGE 
& WAGON TRAVERSERS. 


SHUNTING & DOCKSIDE 
; CAPSTANS. 


SLIP WAY HAULAGE 
WINCHES. 


Iilustration shows :— 

One 50 ton Electric Travell- 
ing Crane supplied to the 
British Admiralty. 

















ets COWANS SHELDON ¢ coir «3. 


CARLISLE + ENGLAND 


LONDOW OFFICE - AFRICA WOUSE - KINGSWAY W.C.2. 


















4 aN 













SOO ONT 
SEs 


DOCK GATES 
CAISSONS 
FLOATING DOCKS 

SLIPWAYS 


MOVEABLE BRIDGES Be AD, WRIGHTSON sC°L?? 


Welded or — THORNABY-ON-TEES - STOCKTON-ON-TEES - + JOHANNESBURG 
Riveted Construction 











“¢ The illustration shows a pair of all- 
welded dock gates in position at Blyth. 
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.° BARCLAY 


x 


w STEAM, DIESEL 
AND 


FIRELESS LOCOMOTIVES 











0-4-0 300 H.P. DIESEL MECHANICAL LOCO. 


ANDREW BARCLAY, SONS & CO. LTD. 


CALEDONIA WORKS KILMARN OCK 
Telegraphic Address: ‘“ Barclayson, Kilmarnock ” Tel. : 1366/7 Kilmarnock 
London Office: 38, VICTORIA STREET, WESTMINSTER, S.W.1 


Telegraphic Address: “ Platco, Sowest, London” Tel.. Abbey 6407/8 








CRANDALL DRY DOCK ENGINEERS, Inc. 


RAILWAY DRY DOCKS Investigations 
FLOATING DRY Docks _ Reports 
BASIN DRY DOCKS a 
onstruction 
PORT FACILITIES Supervision 


238, MAIN ST., CAMBRIDGE, MASSACHUSETTS, U.S.A. 
Cable Address “CRADOC, Boston” 
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FOR 
DREDGING 


RECLAMATION 
AND 


CIVIL ENGINEERING 
WORKS 


HARBOUR & GENERAL 
WORKS Lr. 


173, ST. STEPHEN’S HOUSE, 


VICTORIA EMBANKMENT, Ry 




















FIRE! 


WHERE’S YOUR 


NU-SWIFT? 


The World’s Fastest Fire Extinguishers 
—for every Fire Risk 
Pressure-operated by sealed CO? Charges 
NU-SWIFT LTD - ELLAND - YORKS 
In Every Ship of the Royal Navy 


2 AMNmmne ma) 














to give increased 

efficiency when handling difficult materials 

without teeth. Also used for cleaning up 
railway wagons, ships holds, etc 


JOSEPH WESTWOOD & CO. LTD. 


Bridge and Constructional Engineers, Manufacturers of Pressed Steel 
Work and Sheet Metal Equipment. Steel Stock Holders. 


Napier Yard, Millwall, London, E.14. Tel.: East 1043 


Superspan Grab designed 
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Wellman Cranes 































at Marseilles. 


.-_ 





THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LIMITED 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1. WORKS: DARLASTON, SOUTH STAFFS. 


-ROSSLEY 


WA Direct Reversing 
\ \ ie Se yenge Pump 


= Diesels 












pk! Oy 
3 types 
AND SPEEDS 
ies . ~ * = a 
= . See 6, FROM oh 
© 50.00% 


Ss 


Photo by courtesy of the Goole Shipbuilding & — 
Repairing Co. Ltd., Goole. 


Built by the Goole Shipbuilding and 
Repairing Co. Ltd., of Goole, Yorkshire, 
the Grab Hopper Dredger ‘CARIBCEMCO’ 
is in service in Jamaican waters as a 
clay grab. 

The vessel is propelled by a single screw, 
driven by a Crossley 5-cylinder Scavenge 
Pump Diesel developing 350 B.H.P. at 
325 r.p.m. as illustrated. 


CROSSLEY BROTHERS LIMITED 
OPENSHAW — :.MANCHESTER 11 


London Office : 
LANGHAM HOUSE, 308 REGENT STREET, W.1 
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Buyers’ Guide for Dock and Harbour Authorities 


i 
‘The Dock and Harbour Authori‘y,” E 


For Particulars of Space in this Guide apply to the Manager, 
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BS 
19, Harcourt Street, London, W.1. 

’ ORS. DIESEL ENGINES MATERIALS HANDLING 3 EQUIPMENT. 
aE ROOM & WADE. LTD., High Wycombe, Bucks. CROSSLEY BROTHERS. LTD., Openshaw, ARROL, SIR WM., & CO., LTD., Glasgow. ; 
ALUMINIUM Manchester, 11. aA —- S WiLco x, LTD. Babcock Hou, fe 

SAD, V . DIVING APPARATLS. arringdon Street, London a 
Suaraiter — ee «me SIEBE, GORMAN & CO., LTD., Tolworth, Surbi- CONVEYANCER FORK TRUCK = (Divisio, 
AUTOMATIC WEIGHERS oon, Susser. SIMON HANDLING ENGINEERS 1: 1 Chea ll 
SIMON HANDLING ENGINEERS LTD., Cheadle 0 ath Gasek , + Cheap lil é 
BEACONS & BUOYS. HEAD, ‘WRIGHTSON & CO., LTD., Thornaby-on- to INCER (MELKSHAM), LTD., Melkshan, B 

a Oe ee ARMSTRONGS, LTD., Vickers House, pSTOTHERT & eee ie. Som, q 
GAS ACCUMULATOR CO. (U.K.), LTD. Beacon Broadway. Lond«n, 8.W 1 BRITISH STEEL PILING CO, LTD. King A 
Works, Brentford, Middlesex. DREDGE PLANT. House, Haymarket, oa sw 


McNEIL, WILLIAM & CO., LTD., 125, West 


Regent Street, Glasgow. 
BOILERS. 
BABCOCK & WILCOX, LTD., Babcock House, 
Farringdon Street, London, E.C.4. 
BRAKE & CLUTCH LININGS. 
SMALL & PARKES, LTD., 
Manchester, 9. 


BRIDGEBUILDERS & BRIDGEWORK. 
ARROL, SIR WM., & CO., LTD., Gtesgew. 
BOOTH, JOHN, & SONS (BOLTON), LTD., Hulton 
Steel Works, Bolton. 
BRAITHWAITE & CO.. ENGINEERS, LTD., 
Dorland Rar 14/18. Regent Street, S.W.1. 
DORMAN LONG & CO., LTD., Middlesbrough. 
FINDLAY, ALEX., & CO., LTD., Motherwell, 
Scotland. 


BUFFERS FOR DOCK FENDERS. 


Hendham Vale, 


TURTON, GEO., PLATTS & CO., LTD., Meadow- 
hall Road, Sheffield. 

CAISSONS. 
ARROL, SIR WM., & >. LTD., Glas 


‘ow. 
— ‘WRIGHTSON & CO., LTD., “Fhornaby- -on- 


VICKERS. ARMSTROOS. LTD., Vickers House, 
rt London, S.W.1 


CAPSTA 
ARROL, SSR WM., & CO., LTD., Glasgow. 
BABCOCK & WILCOX, LTD.,’ Babcock House. 


Farringdon Street, London E.C.4 
OWANS, SHELDON & CO., LTD., Carlisle. 
STOTHERT & PITT, LTD., Bath. 


CHAIN CONVEYING. 
CHAIN DEVELOPMENTS, LTD., Albion Road, 
West Bromwich, Staffs. 
RENOLD & COVENTRY CHAIN CO., LTD., 
Manchester. 
CIVIL ENGINEERING CONTRACTORS. 
DE G. & CO., LTD., Main Road, Oldham. 
HOWARD, JOHN ‘| co., LTD., 13, Buckingham 
Gate, London, S.W 
MARPLES, RIDGWAY & PARTNERS, LTD., 
2, Lygon Place, Grosvenor Gardens, S.W.1 


CONCRETE & CONCRETE MIXING PLANT. 
ATLAS STONE CO., LTD., Artillery House, 
Artillery Row., 


S.W. 
BRITISH STEEL PILING Co., LTD., King’s 
House, Haymarket, London, S.W. 
CEMENTATION CO., LTD., Bentley Works, Don- 


SOTRAMER, aa Haussmann, 
Paris VIII, 
STENT PRECAST" ‘CONCRETE, LTD., 1, Victoria 
Street, London, S.W. 
STOTHERT & PITT, LTD., Bath. 

CONVEYORS. 
BABCOCK & WILCOX, LaD., Babcock House, 
Farringdon Street, Lon don, E.C. 
— BANDLING ENGINEERS LTD., Cheadle 

ea 

SPENCER (MELKSHAM), LTD., 
STOTHERT & PITT, LTD., Bath. 

CRANES. 
a eal GRICE, ce., LTD., Taymouth 
Engineering Works, Carnoustie, Scotland: 


Boulevard 


Melksham, 


ARROL, SIR L y -~ 4 
BABCOCK * WiLe OX, ‘LTD.,” Babcock House, 
Farrin a Street, London. E.C.4. 

BOOT OSEPH, ROS., Rodley 


Leeds. 
ath ak BROS. & Go. LTD., MacLellan ‘Street, 
as 
LYDE CRANE & ENGINEERING CO., Mossend, 


a 

COWANS, SHELDON & CO., LTD., Carlis 
INDUSTRIAL TRADING CORPORATION: 
LAND, 2, Verl. ahs: The Hague, Holland. 
NEAL, ey i &C TD., Plant House, Ealing, 


RANSOMES ‘& RAPIER, LTD., Waterside Works, 


HANSOMES, SIMS & JEFFERIES, LTD., Orwell 
Works, Ipswich. 
a GEORGE, & CO., LTD., Motherwell, 


Scotia 

Serrti. “THOMAS, & SONS (RODLEY), LTD., 
Rodley, Leeds 

SOC, per ‘AZIONI ING. <" PROCES INE & CO., 
S.A. Via L. Bissolati, 76, Italy. 
STEELS ENGINEERING PRODUCTS, LTD., 
Crown pork, cepeend. 
STOTHERT & PITT, 

WELLMAN SMITH OWEN’ ENGINEERING COR- 
PORATION. —— Parnell House, Wilton Road, 
London, S.W.1 


"i HOL.- 





Amat age ll Bag ~ (PORT GLASGOW), LTD., 
Newark Works, Port Glasgow, Scotland. 
FLEMING & FERGUSON, LTD., Phoenix Works, 
Paisley, Scotland. 
1.H.C., Holland. 
LOBNITZ & CO., LTD., Renfrew, Scotland. 
PRIESTMAN —— LTD., Holderness Engineer- 
Works, Hull 
SI ONS, WM.., & COo., LTD., Renfrew, Scotland. 
ane ag te > Fs: Ss. 
DGING & C yo eel CO., LTD., 9, New 
orth Street, King’s Ly 
HARBOUR & GENERAL ‘WORKS, LTD., 173, St. 
Stephen’s House, Victoria Embankment, London, 


.W.1. 
JAMES CONTRACTING & SHIPPING CO., LTD., 
James Wharf, Semrten. 
KALIS, K. L. SONS & CO., LTD., Stone House, 
Bishopsgate. London, E.C.2. 

DREDGING & RECLAMATION Co., LTD., 
ew od Chambers, Bridge Street, Westminster. 
ondon. 


TILBURY CONTRACTING & DREDGING CO., 
ay 2, Caxton Street, Westminster. London. 


WESTMINSTER DREDGING CO., LTD., 12-14, 

Dartmouth Street, Westminster, London, S.W.1. 
DRY Roce ENGINEERS. 

CRANDALL DRY DOCK ppontens. INC., 238, 

Main Burect. Cambridge, Mass., U.S.A 
ELECTRICAL EQUIPMENT. 

IGRANIC ELECTRIC CO., LTD., Bedford. - 
ELEVATORS. 

— a ENGINEERS LTD., Cheadle 

Heat tock 

SPENCER (MELKSHAM) Ltd., Melksham, Wilts. 
EXCAVATORS. 

PRIESTMAN BROS., LTD., Holderness Engineer- 

ing Works, Hull. 

RANSOMES & RAPIER, Ltd., Waterside Works, 

Ipswich. 

omITH, THOMAS & SONS (RODLEY), LTD., 

Rodley, Leeds. 

SOC. per AZIONI ING. F. homo “dena & CO., 

S.A. Via L. Bissolati, 76, Rome, Italy 

STOTHERT & PITT, LTD., Bath. 
FIRE EXTINGUISHERS. 


NU-SWIFT, LTD., rs Yorks. 


FIREPROOF DOOR 
BOOTH, JOHN, S. SONS (BOLTON), LTD., 
Hulton Steel Works, Bolton. 

GRABS. 
BABCOCK & 


WILCOX, LTD., Babcock House, 
IR ay Street, London, E.C.4 


PRIESTM _ BROS., LTD., , Engineer- 

ing Works, Hull. 

— ES & RAPIER, Ltd., Waterside Works, 
swic 


Pp: 
peatral ay & PITT, LTD., Bath. 

ESTWOOD. JOSEPH & Co., LTD., Napier 
Yard. Millwall, London, mi 


GRAIN HANDLING MACH ERY 
SIMON aoe ENGINEERS LTD., Cheadle 
Heath, Stockpo: 
SPENCER PMELKSHAM), LTD., Melksham, 
ts. 


HY DRO-SURVEYS. 
KELVIN & HUGHES (MARINE), LTD., 107, Fen- 
church Street, London, E.C.3. 

LIFTS AND HOISTS. 
BABCOCK & WILCOX, Ltd., Babcock House, 
Farringdon Street, London, E.C.4. 
SIMON HANDLING ENGINEERS LTD., Cheadle 

Heath, Stockpor 

STOTHERT & PITT, LTD., Bath. 


mers eS ES. 
ARCLAY ANDREW, some & CO. LTD., 
Caledonia Works, Kilmar ock. 
— , JOHN & CO. (LEEDS), LTD., Leeds, 
HUNSLET ?.- Co., LTD., Hunslet Engine 
Works, Leeds, 
RUSTON & HORNSBY, LTD., Lincoln 


STEPHENSON, ROBERT & HAWTHORNS, 
Forth Bank Works, Newcastle-on-Tyne. 


MARINE LIGHTING. 
Tandon, W —_ LTD., 30, Curzon Street, 
Andon 
GA 3 ACCUMULAT TOR CO. (U.K.), LTD., Beacon 
Works, Brentford, Middlesex. 

PAINT. 
NATIONAL COAL BOARD, BY-PRODUCTS, N.P., 
Bank Buildings, Docks, Cardiff. 


LTD., 


PILING-STEEL SHEE : 
APPLEBY-FRODINGHAM STEEL CO., Sew 


BRITISH. “si ‘EEL PILING CO., LTD., King; 
House, Haymarket, London, S.W.1 
DORMAN LONG & CO., LTD., Middlesbrough, 


PNEUMATIC TOOLS & wt 
BROOM & WADE, LTD., High Wycombe, Buck; 
CONVEYANCER FORK TRUCK CO. (Division By 
of Electro Hydraulics Ltd.), Warrington. *) 


PUMPING MACHINERY. 
FERGUSON BROS. (PORT GE ASSO). LTt 
Newark Works, Port Glasgow, Scotland. 
GWYNNES PUMPS, LTD., Chancellor’s Roaa 
Hammersmith, London, W.é. 
STOTHERT & PITT, LTD., Bath. 


RADAR. 
COSSOR RADAR, LTD., Cossor House, Highbury 
Grove. London, N.5. 


RADIO TELEPHONY 
AUTOMATIC TELEPHONE & ELECTRIC (0, 
LTD., Radio and ae gg poe ol Division, Strowger 
House, Arundel Street, London, W.C.2. 
THE GENERAL ELECTRIC CO.., LTrD., 
House, Kingsway, W.C.2. 

RAILWAY PLANT. 

ALLEN ry & CO., LTD., 
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Magnet 


Imperial Steel 


Works, ‘Sheffi 9. a 
ELASTIC RAIL. SPIKE CO., LTD., 117, Fenchurch Be 
Street, London 


E.C.3. 
1tANSOMES & "RAPIER, LTD., Waterside Works, 
psw 
SUMMERSON, THOMAS & SONS, LTD., Darling 
ton 


WARD, THOS. W., LTD, Albion Works, Sheffield 
RAILWAY SIGNALLING EQUIPMENT. 

SYKES, W. R. INTERLOCKING SIGNAL CO 

LTD., 26, Voltaire Road, Clapham, London, S.W4 


RAILWAY WAGONS. 
STANDARD RAILWAY 
Reddish, Stockport. 
REINFORCED CONCRETE ENGINEERS. 
BRAITHWAITE & CO., ENGINEERS, LTD. 
Dorland House. 14/16, Regent Street, S.W.1. 
CHRISTIANI & NIELSEN, LTD., 54, Victoria 
Street, London, S.W.1 
DREDGING & CONSTRUCTION COo., LTD., 9, 
New Conduit prest. King’s Lyn 
PETE & CO., 


WAGON CO., LTD 


LIND, LTD, "Stratton House 
Stratton Street, London, W.1. 

ROPES. 

DAWSON & USHER, LTD., Hendon Road, 
Sunderland. 

RUBBER PRODUCTS Gupveretal. 
GOODYEAR TYRE RUBBER CO. (GREAT 
BRITAIN), LTD., * a... 4 

SHUTTERS—ROLLER. 

BOOTH, JOHN & SONS (BOLTON), LTD 


Hulton Steel Works, Bolton. 
SLIPWAY MACHINERY. 
COWANS, SHELDON & CO., LTD., Bolton. 


STRUCTURAL ENGINEERS. 

ARROL, SIR WM., & CO., LTD., Glasgow. 
BOOTH, JOHN, & SONS (BOLTON), Ltd. 
Hulton Steel Works, Bolton. 

BRAITHWAITE & CO., ENGINEERS, LTD, 
Dorland House, 14/16, Reap Street, S.W.1. 
= ALEX & CO., LTD., Motherwell, Scot 
and. 

TRUCKS. ae 
CONVEYANCER FORK TRUCK CO. (Division 
of Electro Hydraulics Ltd.), Warrington. 
MERCURY TRUCK & Seen CO., LTD., 19 
London Road, Gloucest 





RAN SOMES, {SIMS & \EFFERIES, LTD., Orwell 
Works. Ips 
STEELS SENGINEERING PRODUCTS. LTD.. 
Crown Works, Sunderland. 

TUGS. 
JONES, E. C. & SON (BRENTFORD), LTD. 
Brentside Wharf, — Middlesex. 

WEIGHING MACHIN 
SIMON HANDLING” ENGINEERS, LTD., Cheadle 


Heath, Stockport. 


WINCHES. 
ARROL, SIR WM.. & CO.. LTD., Glasgo 
BABCOCK & WILCOX, LTD., “maboock “House, 


Farringdon Street, London, E.C.4 
STOTHERT & PITT, LTD., Bath. 
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THE Dock AND HARBOUR AUTHORITY May 1952 


a suction dredge 
for south africa 


a dipper 
for france 


Throughout the world Lobnitz 
Dredges play their part in keeping sea 
lanes open and safe. Whatever the 
type of dredge required. Lobnitz have 
the efficient, the economical answer. 


THE NAME TO REMEMBER IN DREDGING 
LOBNITZ & CO. LTD. RENFREW SCOTLAND RENfrew 2216 


LONDON OFFICE: 55/61 MOORGATE LONDON €E.C.2 MONarch 5101 


CHRISTIANT & NIELSEN L™ 


CIVIL ENGINEERING CONTRACTORS 











# mile long Jetty built 2,000 ft. from the shore. 


a4. VICTORIA STREET, LONDON. S.W.I VICTORIA G1524 
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